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SUBJECT: Final Air Force Plant 44 Remedial Action.•pllair|».; Responstveness Summary and
Record of Decision ' ,(.>. - '.

TO: To Whom It May Concern " ••''•' • ''•••'• , , , . _ , . }.'„,,_ {;£*.•£•• ";';it;^.,.-,.;

1. .On October 4.,- 198S, th'e'^n.i4?^.State^?^fo^R^mi<ie-
ia\

publ ic review and comment-.the- FinalfDraft;RemecIra^.;Acl;tc)ri/y
States 'Air For<;e Plant:.|4V;tucs.on,,-.^P.tzona' ^Draf^-KA.PV^StU ._... -,.f. v.r
summari zed the t resul ts. of previous e/ivi ronmenta'l jim'estijsfa.tf.oris. ;ai?.d;
monitoring programs at .and'in the .vicjn1ty."of- •A;ir.'j^i.rc6^;P.l{iirg»44.y*^fi. .
analyzed remedial alternatives that* mi^ht. be siiitable.lfo'r'.respondifrg.'ita the 7^.
conditions discovered through thosw effort's-.' 'Sasetfjojn tbls;-arial.ysrs;;rthe ."^
Air Force.recommendecl the' iraplementat'S'en pf-:;a •groundwater 'extraction, •
treatment and recharge.system;to-remedial groundwater contamination spu^h.of
Los R'eales Road. ' '" ••••:••* • -•,--...^n:,.,;r •.. '^ :v.;"i." }>*cji5r.'1'^f' '"
2. Public comments on the Draft RAP weire''-s6t^.^gd^<iu.rk|it.g-7t^e^e:^1.P^_''Off.»J .-
October 4., 1985".through .October 25;-;1985.;' Addi'tfpnal.'/cdmments ^rom ,a>-,nUjnber
of public agencies were'received bb#». before. an.(|.1i.fter<:;th,er4or^:'.,cPUfefcl:CI- r. -
comment ..period^' In some instances, :our.:f£We'W 'of.."these^ommteft^./^soil ted/in •
further ref i hement' .of the remedi al •• al ternati yfe'-¥ficomm:ended by, .the.;pratt .RAP.
In other cases, these comments resul ted • W fe'v-1'sions. to\the Drafts^Pf*o
provide greater? clarity to parts-of .its:anaVyse's. T^itix4\){4asesr, ^tte" publ-ic -
comments received serious evaluation'and'were'b'f tremendous benefit to the
Air Force's selection of a final remedial alternative for Air Force
Plant 44. , ^ . '.-• .•£ '•n;i""<]*.. jr"',: -. ., '
3. End osed for -attachments to. the Draft RAP W's . a "Res^onsiv^s's vSumm^ry.'tb •
the public comments. The Responsiye'nes-s 'Sumnfary-tdentifJes.•yietmadpr-.issues
identified by'the public concerning .the Draft RAP-and. the Air Force--response
to those issues'. The Draft RAP and its supporting data, reports, studies
and analyses, together with the...Res4Jonsi-venes.s, Sumrnary-,1:constitute, the .Frnal •

' Remedial.,.Action plant for Air Force Plant 44:. ,,-,. ̂ ^\'.' .-c'Hr.sn'^v •••• ;-". r.\

substances at Department of Defense, inst;*! l^Ctfdnsuuiftfer /A'ir
Based on the prior 1nvestigati.Qns,rrtt*e"{refliW«T^^^^ M
supporting .documentation and »tM public- cdftttfeffife receiy£&^t-hje,.Aiir Force;-tr
decided to implement, a remedial,.alternaitive •fflKAIi^.foinpe.-Elanjt m^-i-***- '•'
consisting of a. groundwater extraction,.-:trea'.tm^h'i^nd_rechajjge j$yst§nu ; A'
copy of the Air, Force's Record of DiscisioTi- for • ^e_J^»etpon of this
remedial action-i-s enclosed and shoul d" al so}: be .ati£afh|e4/to the Draft RAP.

" — ' ;> *t'*°*.

PETER J... RUPPERT, Lt Col , USAF
Chief, Facil^tiies".M.gt pi v-.
Directorate of Maiiufacturing/QA
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Environmental Assessment foe AF Plant 44 Remedial Action Plan
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ASD/PMD

The subject assessment has been reviewed by the AFSC Environmental Protection

Committee and is approved. lour Environmental Protection Certificate is

attached .

FOE THE COMMANDER

1 Atch
AF Form 815

FEANK P. GAUAGHER III, Lt ol, OSAF, BSC
Chairman, AFSC Environmental Protection Committee
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FINDING OF NO SIGNIFICANT IMPACT

REMEDIAL ACTION PLAN

AIR FORCE PLANT 44

TUCSON, ARIZONA

The Air Force Plant 44 Environmental Assessment documents the analysis of

four alternatives to mitigate the groundwater contamination problems- caused

by that facility in the general vicinity of the Tucson International

Airport, Tucson, Arizona. The environmental assessment is enclosed.

Based upon the analysis documented in the environmental assessment and the

Draft Final Remedial Action Plan attached to it, it is my decision to adopt
c. Alternative 4, to remove the contaminated groundwater from the aquifer,

treat the water, and use the treated water for groundwater recharge.

•n

iC
^ Alternative 4 is selected for the following reasons:• u.
•r"

>CC

ir:
CO
COen 1. The initial capital investment, regardless of the various ways in

which the treated water could be used, is based upon available, reliable

data which makes it cost-effective compared to Alternatives 2 and 3.

2. The technical feasibility, regardless of how the treated water could

be used, generally exceeds that of any of the other alternatives.

3. It removes contaminants from the groundwater.

4. It treats the removed groundwater before using it for any further
*

purpose.

I



5. It provides an added source of acceptable quality water.

6. It reduces the hazard of further groundwater contamination migration.

Alternatives considered were: • "

Alternative 1. No action, making no effort to remove groundwater

contamination in regional aquifier.
/

Alternative 2. Contain contaminated groundwater plume by placing

impermeable barriers around its perimeter, preventing further migration.

alternative 3. Withdraw contaminated groundwater, disposing of it without

treatment.

Alternative 1 was not selected because other alternatives would not cause

greater environmental or health dangers. Alternative 2, as proposed in the

environmental assessment, was not selected because existing hydrogeological

data is inadequate to determine the extent of the effort involved and whether,

if undertaken, it would prevent further contaminated groundwater migration.

Additionally, available cost data strongly suggests that potential costs Car

outweigh benefits to be derived. Alternative 3 was not selected because of

the limited uses available for the untreated water and the potential for

further groundwater contamination.

Under Alternative 4 there are 12 alternative means of disposing of the treated

groundwafcera. in determining the preferred means of disposition, three

additional criteria were applied:
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. 1. The facility or facilities accepting the treated water must have the

capacity to accept 5,000 gallons per minute because extraction at a lesser

rate would not efficiently reclaim contaminated groundwater.

2. The accepting facility or facilities must have an operational life of

20 years-, the projected period of continuous pumping to restore the con-

taminated aquifer is estimated at eight to ten years.

3. The process cannot reduce the existing water levels in the aquifer or

otherwise degrade present water quality, in violation of state and the local

land use management plan. The only means of distribution which satisfies

these three criteria is that process which will recharge the aquifer directly

with the treated water. This process has the added advantages of being cost

effective relative to all viable alternatives considered and more effective

in its initial stages of operation in reducing contamination levels. For the

reasons stated above, I have selected the Direct Recharge Water Use

Alternative under Alternative 4 as the most appropriate remedy to the present

contaminated groundwater condition underlying AF Plant 44 and the area adja-

cent to it.

I have determined through the environmental assessment that this is not a
major Federal action which would significantly affect the quality of the

human environment; therefore, an environmental impact statement is not

necessary. This determination is based on the following factors:

1. There are minimal irreversible resource commitments and irretrievable

losses of any natural resource.

2. There are no significant negative cumulative effects.
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3. The physical and biological effects ace restricted to the areas of

planned activity.

4. NO known threatened or endangered wildlife are affected.

/
Charles H. Alford f

 DATS
Chairman,
Industrial Facilities Subcommittee
ASD Environmental Protection Committee



ENVIRONMENTAL ASSESSMENT
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Air Force Plant 44 (AFP 44) is a.government-owned, contractor-operated

defense manufacturing plant currently operated by the Hughes Aircraft

Corporation. Located on approximately 2106 acres of land, it is adjacent to

and southwest of the Tucson International Airport. Its manufacturing

complex comprises 1,088,340 square feet o£ floor space..

The plant has been in operation since 1951 and presently manufactures the

Army TOW missile, the Air Force Maverick missile, the Navy Phoenix missile,

and the Marine Corps Angle Rate Bombing System. It employs approximately

8,000 employees having an annual pay roll exceeding 5200 million.

The various manufacturing processes have produced industrial wastes.

Initially, wastewater was discharged on the plant property, and then in 1954

treated effluent was discharged into lined and unlined surface impoundments.

Each wastewater treatment process was approved by the predecessor to the

present Arizona Department of Health Services (ADHS) and was believed to be

an appropriate means of disposal at the time.

In 1977 a new zero discharge hazardous waste treatment facility began

operations. This operation treats and recycles about 80% of the wastewater,

the remaining 20% being placed in lined evaporation ponds. The present

system does not discharge contaminants into the environment..

Beginning in 1979 EPA financed studies conducted by ADHS and those conducted

by the Air Force concluded that the historic disposal practices had resulted

in the presence of trichloroethylene (TCE) and other contaminants in the

groundwater under AFP 44.



Air Force investigations were conducted pursuant to its four-phased

Installation Restoration Program (IRP) to Identify and remedy environmental

problems resulting from past Air Force industrial waste disposal practices.

Phase I consists of a records search. Phase II is the verification and

qualification stage. Phase III is the analysis stage, and in Phase IV

various cleanup options are considered and a remed.ial plan implemented. The

IRP has disclosed that there is a zone of perched groundwater (saturated

soil) beneath a portion of the plant covering about 100 acres, and ranging in

thickness from one to .24 feet. Beneath this zone and separated by a relative

impermeable material is a regional aquifer. The aquifer consists of an upper

and lower zone separated by a clay aquitard or divider. In the perched zone,

chromium at levels exceeding drinking water levels have been found, as has

concentration of TCE, 1,1,1 - trichloroethane (TCA),, and 1,1 - dichloro-

ethylene (DCE). TCE, TCA, OCE, and Chromium have also been found ta

exist in the upper zone of the regional aquifer; and these wastes appear to

have migrated in varying degrees to locations off AFP 44; chromium to just

beyond the north boundary; TCE to the vicinity of Los Reales Road; and TCA

and TCE have migrated to a lesser extent. The lower zone of the regional

aquifer does not appear to have been directly contaminated by the upper

aquifer, due to the impermeable barrier. However, two wells, which were

drilled through the upper aquifer may have contaminated the lower. These

we Us were sealed when the problem was discovered. The problem is mitigated

because migration in the lower zone is slower than in the upper.

Contaminants in the perched groundwater should be removed because they pro-

vide the potential for further contamination ia the regional aquifer.

u
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As part of the IRP Phase IV, the Air Force has developed a Remedial Action

Plan (RAP). The purpose of the RAP is to assess the extent of the ground-

water contamination, consider various alternative measures to remedy the

situation, and to propose the most appropriate remedy. Remedial action is

appropriate because continued migration of the contaminated groundwater in

its historic northwesterly path will contaminate both public and private

residential wells in its path.

The selection standards for those alternatives which were considered are as

fo11ows:

a. limit to maximum possible extent continued migration of contaminated

groundwater;

b. render contaminated groundwater suitable for beneficial use;

c, meet all applicable local, state, and federal regulatory requirements;

d. be cost effective;

e. create the least possible environmental affect on the regional

aquifer and other action plans and land use programs in the Tucson area.
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The -no action- altecnative is adequately

» the « 3nd is hereby incocporated

consequence of the "no action" alternative are unacceptable.

contaminated groundwater will continue to migcate and in sone locations

concentrations of conta.in.nts ̂ a actually increase as high contaffliflant

areas in the area of the physical structures Of APP 44 Blflrate. Ovsr a

period, the conta.inant plo«. can be expecfied ̂  m.grate ̂

three .iles north-northeast. ,he .« action. ai£arnative £

unacceptable because the other alternatives considered would result in

Moving Rating contamination levels and meliorating the present
migration.
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The alternative in which an impermeable barrier is constructed around the

present plume of contaminated groundwater: is adequately discussed at the

referenced pages of the RAP and is likewise incorporated in this assessment.

The technology to construct such a barrier exists. However, the magnitude

of such a project is unknown because available data-does not provide

sufficient information as-to the precise extent or depth of the plume. In

other words, we have no present assurance that constructing this barrier

would contain all the migrating contaminants. Nor .in the absence of such

data can there be any accurate estimate of the cost of such a project.

There has been no known impermeable barrier constructed of the same or

similar magnitude as that contemplated here. One distinctly negative effect

of such an alternative would be to withdraw effectively from public and

private use all that groundwater contained by the barrier. This raises the

question of alternative sources of water, for those parties affected, in a

developing area in which existing water resources are relatively scarce.
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The third alternative, withdrawing the contaminated groundwater. and

disposing of it in one or a combination of four enumerated means, is

adequately discussed at the referenced pages and incorporated here. The

four means of disposing of the untreated water are as follows: (a) direct

discharge to the public sswsr system, ,'b) injection of the untreated water

into an as yet undiscovered deep geological containment strata; (c) solar

evaporation; (d) disposal at a permitted hazardous waste treat/nent facility.

The RAP discusses various cost, logistical, and technological problems which

render each of these means unfeasible. In addition, the continued existence

of the untreated contaminants or any form carries with it continuing Air

Force liability for any future violations of the Resources Conservation and

Recovery Act. These means also suffer from the same drawback confronting

the second alternative, i.e., withdrawing this source of water from public

and private use. Finally, withdrawing the contaminated water without

recharging the aquifer would reduce the aquifer water level, thereby

threatening existing public and private wells and violating state and local

water management plans. Construction of a water treatment facility would be

avoided, but there would be other construction and land acquisition costs

associated with each of these means which would result in short-term

environmental degradation and long-term removal of certain real estate

beneficial use.



The fourth alternative, withdrawing and treating the contaminated ground-
,Mwater, and disposing of it in one or a combination of twelve enumerated

means, is adequately discussed on the referenced pages of the RAP. Three

additional criteria are deemed appropriate for this alternative to be

feasible: (a) extraction at less than 5,000 gallons per minute (gpm) will

not effectively reclaim contaminated groundwater; (b) continuous pumping for

a minimum of eight to ten years is considered necessary to restore the

aquifer; and (c) distribution must be consistent with the state statutory
requirements and the local groundwater management plan. The prime con-

sideration here is that drawdown of existing groundwater must be minimized

and further degradation of groundwater quality be prevented. This alter-

native would require constructing a groundwater treatment facility at AFP 44

and then a distribution system or systems consistent with any of the twelve

alternative means or combinations. Construction and operating costs would

vary with the distribution system as depicted in Table 2, following page 79

of the RAP. Environmental impacts would vary depending upon the amount of

construction each alternative means required.

The only alternative means or combination which satisfies the criteria of
continuous use, adequate demand, and statutory and regulatory compliance,

which is the preferred and the proposed alternative, is the recharging of the

aquifer with the treated water. Even assuming a 10-year operating life for

the required equipment, as opposed to a 20-year life for other systems, this

means is cost effective. It reduces the contamination in two ways: by

extraction and by subsequent dilution of the contaminated groundwater by

treated water. This makes the system initially the most effecient in terms

of reducing contamination levels. The required distribution system, costing

an estimated $27 million, is relatively inexpensive and would be confined
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to AFP 44, meaning chac uhe ecological affeccs oE constructing else

distribution system would be considerably less than virtually every other

alternative means and alternative considered. The preferred alternative

complies with all relevant substantive legal standards, as more particularly

discussed ac pages 114 through 128 of che attached RAP.
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! Remedial Action Plan Responsiveness Summary, AF Plant 44, Tucson AZ

K>

T0: Mr. Phil Brigga
Arizona Dept of Water Resources
99 E. Virginia Avenue
Phoenix AZ 85004

1. Attached you will find the Responsiveness Summary of comments received
on the Air Force Final Draft Remedial Action plan for Air Force Plant 44 in
Tucson, Arizona (Atch 1). The summary reviews comments from the public
received during the open public comment period in October 1985 as well as
comments from the memebers of the Technical Review Committee (TRC) received
both during and after that public comment period. These comments, the Air
Force Responsiveness Summary, and the individual responses provided earlier
to the major and most significant of the TRC member comments have been
appended to the Final Remedial Action Plan and incorporated therein.

2. The Air Force evaluation of these comments, assisted by its contractors
and technical consultants, has been of immeasureabl-s benefit to the analysis
of the groundwater contamination problem at AF Plant 44 and to the
development of its Remedial Action plan. In all cases your comments
prompted serious reflection over the matters identified, resulting in either
the reassessment of particular fundamentals of the proposal and, perhaps, a
more persuasive presentation of the Air Force position, or the refinement of
that particular matter in the Remedial Action Plan. You will find that
reassessment or refinement documented in the Responsiveness Summary.

3. Having carefully considered the public and TRC member comments, the Air
Force elected the preferred remedial action alternative identified in the
Remedial Action Plan and indorsed in principle and in most particulars by
the TRC. The Air Force will continue to monitor the progress of that
alternative after its implementation to measure' our success in meeting the
goals of the Remedial Action Plan. Through the continued participation of
the TRC and its aydrogeologic subcommittee the Air Force would expect to
address those issues deferred for later review, together with any new
concerns identified during the remedial action.

4. If further information is required, point of contact is Mr. Charles
Alford, ASD/PMDA, Area Code (5T3) 255-4466.

1 Atch
Responsiveness Summary

PETER J. RUPPERT, Lt Col, USAF
Chief, Facilities Hgt Div
Directorate of Manufacturing/QA
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REMEDIAL ACTION PLAN

UNITED STATES AIR FORCE PLANT NO. 44
Tucson, Arizona

April 1986

Published by:
U.S.A.F. Plant No. 44

Box 11337
Tucson, Arizona 85734



cc: Mr. Phil King
. Arizona Dept of Health Services
1740 W. Adams
Phoenix AZ 85007

Mr. F. Thomas Jefferson
City of Tucson
Tucson Hater
P.O. BOX 27210
Tucson AZ 85726-7210

Mr. Harry Seraydarian
U.S. SPA Region IX
215 Fremont Street
San Francisco CA 94105

Environmental & Energy Programs
Attns Mr. R. B. Morrison
P.O. Box 11337, M/S J-1
Tucson AZ 85734-1337

APPRO, Hughas Missile System Gp.
Attn: TM/Mr. R. Kilby
P.O. Box 11337, M/S D-4
Tucson AZ 35734-1337
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RESPONSIVENESS SUMMARY TO PUBLIC COMMENTS

ON FINAL DRAFT REMEDIAL ACTION PLAN

UNITED STATES AIR. FORCE PLANT NO. 44, TUCSON, ARIZONA

On October 4, 1985, the United States Air Force

made available for pubic review and comment the Final Draft

Remedial Action Plan, United States Air Force Plant No. 44,

Tucson, Arizona (the "RAP"). The RAP summarised the results

of prior environmental investigations conducted by the USAF

at and in the vicinity of U.S. Air Force Plant No. 44 ("AFP

44") and presented an analysis of remedial alternatives that

might be implemented in responding to groundwater contain'

ination found to have emanated from the facility.

The prior investigations and remedial alternatives

analyses were performed according to the requirements of the

Comprehensive Environmental Response, Compensation and

Liability Act of 1980, the National Contingency Plan, 40

C.F.R. Part 300, the Department of Defense Installation Res-

toration Program and other relevant laws, regulations and

guidelines. Based on the evidence developed and the conclu-

sions reached as a result of these endeavors, the RAP recom-

mended the implementation of a groundwater reclamation

program consisting of a groundwater extraction and recharge

wellfield and various systems to treat contaminated
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groundwater in the area north of AFP 44's southern boundary

and south of Lps Reales Road. Public comments on the RAP's

analyses and recommendations were solicited during the

period of October 4-25, 1985.

Eight comments from the general public were

received during the comment period, the substantive pro*

visions of which are summarized and responded to below.

Additionally, comments on the RAP were received from the

Arizona Department of Health Services ("ADHS"), the Arizona

Department of Water Resources ("ADWR"), the City of Tuscon

(Tucson Water) ("COT")'and the Environmental Protection

Agency, Region IX ("EPA") after the public comment period

had ended. ADHS, ADWR, COT and EPA, had had earlier oppor-

tunities to comment on the RAP during the period of its

development. We have also responded to the most recent com-

ments received from these entities.

A. Responses to Comments Received During the Public Com-

ment Period . •

1«_ -Comment; Two commentors asked why treated water

should not be used for domestic consumption instead of being

recharged back into the aquifer from which it was withdrawn.

Response: Although the proposed reclamation and treat-

ment systems will purify contaminated groundwater to drink-

ing water quality, the RAP recommends that treated water be
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recharged back into the aquifer from which it is withdrawn.

There are several reasons for recharging treated water

instead of using it for domestic or other purposes now.

Recharging the aquifer increases the rate at which con-

taminated groundwater can be extracted. As is explained in

the RAP, the groundwater extraction rate without aquifer

recharge is approximately 2,000 gallons-per-minute ("gpm")

while the extraction rate with recharge is more than dou-

bled, i.e. approximately 4,200 gpm. The higher groundwater

extraction rate which can be achieved by recharging the

aquifer with treated water has important environmental and

economic benefits.

Recharging treated groundwater will minimize aquifer

drawdown impacts which would otherwise occur. Minimizing

aquifer drawdown impacts will keep the reclamation project

from interfering with downgradient water uses ar from limit-
ing the nature of response actions that could be implemented

north of Los Reales Road. Since recharging water signif-

icantly- increases groundwater extraction rates, recharging

treated water will also greatly lessen the time required to

restore water in the treatment area to & quality suitable

for beneficial use.

Recharging treated water also eliminates treatment or

storage complications that could arise during periods of

i

i
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reduced domestic water demand assuming treated water were

dedicated to domestic or other beneficial use. In the

absence of a. continuously available use for treated water,

extraction rates would have to be reduced periodically,

resulting in at least a temporary loss of the environmental

and economic benefits discussed above. If extraction rates

are not reduced in the face of reduced domestic demands,

then storage capacity or alternate use distribution systems

would have to be developed, either of which would create

additional logistical and economic burdens..

in light of the preceding considerations, recharge of

treated water is considered the preferred method for handl-

ing water subsequent to treatment. However, it should be

remembered that the goal of the proposed remedial alterna-

tive is to restore water to a quality suitable for future

beneficial consumption. Therefore, the recommended remedial

action does not reject domestic use at all. In fact,

recharging treated water is intended to restore the water as

a potential source for beneficial use in the most environ-

mentally sound and cost-effective manner.

2. Comment; One commentor suggested that the U.S.

Air Force should take charge of cleaning the entire

groundwater contamination problem which exists in the Tucson

'International Airport ("TIA") area, not just the area of



contamination south of Los Reales Road. This commentor

assumed that AFP- 44 is responsible for 85% - 95% of the con-

tamination north of Los Reales Road. This commentor also

felt that only addressing a part of the TIA groundwater con-

tamination problem now was unwise.

Response: The USAF has conducted extensive investi-

gations into the nature and extent of groundwater contam-

ination that resulted from past waste disposal practices at

AFP 44. During the last four years, this effort has
included the construction and routine sampling of 104 moni-

toring wells and hundreds of soil samples.

Based on the data obtained from these efforts, it is

apparent that wastes disposed of at some locations on AFP 44

prior to 1977 entered into and migrated over time in the

upper zone of the regional aquifer system. The data

obtained from these and other efforts persuasively demon-

strate that the extent of this migration terminates in the

vicinity of Los Reales Road.

WhjLle groundwater contamination also exists in the area

north of Los Reales Road, the history of past disposal prac-

tices at AFP 44 and the data obtained from the many investi-

gative efforts conducted in the TIA area do not support a

conclusion that any significant levels of contaminants found

in groundwater north of Los Reales Road are the result of



pre-1977 waste handling practices at AFP 44. The area north

of Los Reales Road has been investigated by the' Remedial

Investigation Team ("RIT"), consisting of ADHS, ADWR, COT,

EPA and a private consultant. An analysis of remedial

alternatives for responding to conditions north of r

Los Reales Road found by the RIT during its investigations

has not been completed; when such analysis will be completed

is unknown.
In light of the above, there are significant reasons

why the USAF cannot and should not attempt to remedy the

entire TIA groundwater contamination problem. First, the

USAF has neither the responsibility nor the legal authority

for responding to releases of hazardous substances which do
not result from Department of Defense facilities. Since the

evidence persuasively demonstrates that the large area of

contaminated groundwater north of Los Reales Road did not

emanate from AFP 44, the USAF does not have the legal

authority to respond to the conditions there based on the

results.of past waste handling practices at AFP 44.

Instead, such legal authority is vested in the EPA and

others by the Comprehensive Environmental Response Compen-

sation and Liability Act and Executive Order 12316.

Second, the RIT has not yet completed its analysis of

the appropriate response to the groundwater conditions dis-
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covered during its investigations. Indeed, the EIT team's

investigation of grotmdwater conditions north of Los Reales

Road, including an analysis of the nature, extent and source

of the contamination, is not yet completed, and what effort

has been attempted needs to be significantly supplemented.

Therefore, it is not presently known what type of response

measure should be implemented in the- area north of Los

Reales Road, if any. It is possible that a groundwater rec-

lamation system such as that proposed in the RAP may be an

inappropriate response to the groundwater conditions there.

Since the remedial alternatives analysis for the area north

of Los Reales Road has not been completed, it would; (1) be

unwise for scientific reasons to implement a groundwater

reclamation program in that area now; and (2) be

impermissible to do so since the National Contingency Plan

requires that such an analysis be completed prior to the

initiation of remedial actions in that area.

Finally, there is no benefit to be gained from delaying

implementation of the proposed AFP 44 remedial action to

await the outcome of the E.IT feasibility study. In fact,

delaying the implementation of the AFP 44 remedial action

program would only increase the risk of greater environ-

mental harm. Perhaps in recognition of this concern, A0HS,

ADWR, COT and EPA have all endorsed the proposed USAF
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groundwater reclamation program and encouraged its expe-

ditious implementation.

It is important to recognize that the AFP 44 program

has been designed to minimise any impact on any future reme-

dial program implemented north of Los Reales Road, and that

whatever response is implemented there would not alter the

necessity for the actions proposed in the RAP. Therefore,

not only is there no benefit to be gained from delaying the

AFP .44 program, but substantial environmental, practical and

economic considerations mandate its implementation as quick-

ly as possible.
3. Comment: One commentor asked whether removing the

"tainted water" would also remove contaminants from the

aquifer medium so as to prevent any future contamination of

clean water passing through the contaminated portion of the

.regional aquifer system.

Response; The proposed reclamation program is intended

to prevent that possibility. To varying degrees, the con-

taminaiats found in the aquifer system can adhere to solids

in the aquifer system. Through the extraction and recharge

of several aquifer pore volumes, the proposed reclamation

project is expected to "flush" the aquifer and remove con-

taminants that may be bound to aquifer sediments. The sue-



cess of this effort will be determined through continued

monitoring of groundwater quality.

4. Comment; One commentor suggested that the remedi-

al action program be implemented as soon as possible,

Response: This, of course, is one of the objectives

stated in the RAP which the USAF will make every effort to

achieve.

5. Comment; One commentor stated that treated water

must be "re-injected at a faster rate than it is removed to

prevent speeding the discharge rate due to an increasing of

hydraulic gradient."

Response: The proposed reclamation wellfield has been

designed to contain and capture contaminated groundwater

emanating from AFP 44. The proposed locations of the

extraction and recharge wells, and the proposed and

extraction and recharge rates will provide a means of

enhancing hydraulic gradients toward extraction wells, will

allow extraction rates from the upper zone to be sustained,

will minimize regional water level drawdown impacts, and

will contain the contaminant plume. Water level and water

quality monitoring data collected during wellfield operation

will provide a basis for evaluating the response of the

aquifer to wellfield pumpage, and will confirm containment

and capture of the contaminant plume.
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6. Comment: One commentor suggested that treated

water from the -reclamation project be used by industry since

industry created it.

Response; A variety of industrial use alternatives

were analyzed in the RAP, none of which were recommended

because of the considerations stated there. The logic of

this comment 'is not so compelling as to demand its adoption.

In any event, future industrial use of the aquifer when

restored is certainly a possibility, provided that such use

were consistent with the Arizona Groundwater Management Act

and the tucson Active Management Area Management Plan.

7. Comment: One commentor suggested that no efforts

be made to cleanup the aquifer and that a proprietary tap

water filtration unit be installed in 5000 homes at an esti-

mated cost of $980,000. Filters for the units, reported to

be capable of removing contaminants found in the TIA'

groundwater, would be disposed of free of charge.

Response; For a variety of reasons, we do not believe

that a^p-rogram such as the one proposed by this commentator

should be implemented, including the following:

a. The analytic results which indicate that the

Water Pome home filtration unit is capable of removing a

variety of contaminants do not demonstrate that the units

10



would fa* capable of removing contaminant concentrations at

the levels found in the aquifer south of Los Reales Road;

b. The mere use of filtration units could allow

for continued contaminant transport in the aquifer that

might result in an undesireable, further degradation of

groundwater quality across a much larger area than presently

exists;

c. The comment assumes that domestic use is the

only use to be made of groundwater. There is no indication

that the filter would be suitable for assuring the safety of

other types of water uses - i.e. agricultural, industrial or

recreational;

d. The economic assumption, of a one-time fixed

cost does not recognize the possibility that many more than

5000 of such units might be required. One unit per house

would probably be insufficient, and more houses could

require units if the groundwater contamination were to con-

tinue to migrate.

B. Rs_cent Comments From ADHS

Comments on the RAP were received from ADHS subsequent

to the close of the public comment period. These comments

are'reproduced in full and responded to below. The page

references in the ADHS comments are to pages in the RAP.

11
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Comment;

1. Page 2-.
Although pre-1977 industrial wastewater dis-
posal practices at AF Plant #44 may have been
regarded as the "best accepted practices of
their day", the treatment/disposal practices |
employed were inappropriate and unsuited for I
the quantities of industrial wastewater actual- _
ly disposed.

Response; Industrial wastewater treatment and disposal

practices at AFP 44 have historically been reviewed by ADHS

(or its predecessor agency) as well as other public agencies

prior to implementation. The systems used at the plant were

modified periodically to ensure modernization or to resolve

problems encountered during actual operations. It is simply
a matter of fact that historic wastewater treatment and dis-

posal methods at AFP 44 were those generally regarded at the

time they were reviewed (by the State among others) not only

as the best available in their day but as being appropriate

for the types and quantities of wastes to be handled as

well. This is not to say that they were perfect.

The best accepted industrial wastewater treatment and

discharge practices of the 1950's, 1960's and early 1970fs

were eventually recognized as providing insufficient envi-

ronmental protection. That recognition was one of the prin-

cipal reasons for the enactment of the Clean Water Act in

1977, an Act which required more stringent national limita-

12
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tions on industrial wastewater discharges. Even in 1977,

however, the limitations were to be achieved, through

"technology-forcing" regulations which EPA was required to

develop, i.e., legislation which established environmental

protection goals for industrial wastewater discharges in the

recognized absence of generally-available technology capable

of achieving the ambitious goals of that Act.

To suggest today that the industrial wastewater systems

used at AFP 44 twenty or thirty years ago were "inappropri-

ate and unsuitable" at the time for the types and quantities

of waste generated, especially where the State had been con-

sulted in the design of those systems, overlooks historical

reality.

Comment:

2. Page 2-

It should be stated that it is believed by the
U.jij. Air Force that the plume emanating from
Plant No.44 terminates near Los Reales Road.

Response; The fact that this determination is that of

the USAF is made clear on page 5 of the RAP.

Comment:

3. Page 3 (bottom) - page 4 (top) -

It should be noted that the decision to
demarcate Los Reales Road as the dividing line
between EPA and Air Force investigations was
made on rather limited evidence. Included as
part of the referenced agreement was the con-
tingency that, should further study indicate

13
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that contamination from Plant No. 44 extends
significantly beyond Los Reales Road, the
United States Air Force would be responsible
for management of that contamination.

Response; First, we do not entirely agree that the f

evidence upon which this decision was made in 1983 was

"rather limited." While we know more today than we did in

1983, an extensive body of evidence had already been gath-

ered by the date of the decision. Indeed, enough evidence 1

had been gathered for a panel of state, federal and private
experts to conclude that the extent of contaminant transport

from AFP 44 terminated south of Lbs- Reales Road. If suffi-

cient evidence had not been gathered, this decision would

not have been made, with or without the caveat. The more

important point, however, is that even today the facts do

not indicate that the contamination from AFP 44 extends

"significantly beyond Los Reales Road," including the data

presented in the Results of the Tucson Airport Area Remedial

Investigation, Phase I, Vols. I and III.

Second, it is incorrect to state that the USAF was ever

to have been responsible for the management of groundwater

contamination north of Los Reales Road. That area has

always been considered to be the managerial responsibility

of federal and state regulatory agencies. In fact, the USAF

has consistently been told that it will not even be a full

participant in the analysis of remedial alternatives for

14
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that area. While the USAF does not object to its limited

participation in that effort given the USAF's conclusion

that AFP 44 was not the cause of significant contamination

beyond Los Reales Road, it is incorrect to say that the USAF

was ever informed by any agency involved in this matter that

the USAF would be responsible for managing response efforts

in that area. In fact, the contamination problem north of

Los Reales Road is being managed pursuant to a cooperative

agreement between the State and EPA,

Comment I

4. gage 10 (top)—

The Air Force has at this time been provided
with all hydrogeologic and water quality data
gathered by the Remedial Investigation Team
through 1984. Efforts are additionally under-
way to coordinate ongoing groundwater quality
sampling in the area between the Arizona
Department of Water Resources and hydrogeologic
consultants to the Hughes Aircraft Company.
These should be noted.

Response: The 1984 RIT data were received by the USAF

on October 18, 1985. (The USAF had, of course, been previ-

ously provided the RIT data through 1983.) Page 10 of the

RAP was amended to read as it does at the request of several

TRC members in June 1985 who pointed out then that the 1984

RIT data had not been given to the USAF. Although we do not

understand why the 1984 data was not given to us before

then, the USAF has completely reviewed this data and deter-

i

i
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mined that it does not alter the conclusions or recommen-

dations contained in the RAP.

Efforts to coordinate on-going sampling efforts between r

ADWR and the USAF's hydrogeologic consultant are acknowl-

edged.

Comment;

5. Page 10 (middle) - L
The analysis of potential sources north of Los
Reales Road, relying as it does on FIT docu-
ments and prior conclusions of unnamed TRC mem-
bers, appears somewhat dated. A 1983 ADHS
report prepared by Eberhardt concluded that
Plant No. 44 was likely the most, significant
pollution source in the vicinity of the Tucson
International Airport, although the report

' acknowledged the presence of other potentially
significant sources in the area.

Response; The names of the "unnamed TRC members" are

those contained in the references cited on pages 10-11 of

the RAP.. No reports or conclusions were published by the
RIT during 1984 or prior to the publication of the RAP.

We have reviewed our files and cannot locate a 1983

ADHS report by Sandra Eberhardt, nor do we recall ever hav-

ing been told of its existence. We do have a copy of the

March, 1982 version of the Eberhardt report, however, in

which ADHS concluded that the plume of groundwater contam-

ination emanating from AFP 44 "has been documented by

groundwater sampling and modeling to be limited to the area

south of Los Reales Road." Thus, the comment incorrectly

16
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implies that AFP 44 is the most significant source of con-

tamination in the vicinity of the TIA. Instead, the comment

should state at most that AFP 44 was regarded by Eberhardt

as the most significant source of groundwater contamination

south of Los Reales Road.

Comment:

6. Page 13 - ADHS and other TRC members have
at this writing not yet received pilot plant
performance data with which to independently
confirm this assessment of pilot plant effec-
tiveness in removing groundwater contaminants.

Response; The pilot plant performance data does con-
firm the fact.. A report analyzing-data from this system's

first months of operations (which did not begin until April

1985) will be provided to ADHS and others when completed.

Comment;

7. Page 16 (middle)-

"Concentrations of chromium" mentioned in this
discussion should refer to concentrations of
chromium in excess_of_the 50 ppb drinking water
standard.

Response; Please read page 17, and review Figure 2D,

Total Chromium Concentrations, Regional Aquifer - Upper

Zone, which is included in the RAP and referred to on page

17.

17
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Comment :

8. Page 21
It might be noted in this discussion that com-
mercial grade TCE contains a number of other
compounds as stabilizers or impurities. Some
of these, such as epichlorhydrin, are known or
suspected carcinogens.

Response: The discussion of TCE appearing on page 21

of the RAP is a quotation of EPA materials published during

1984 in the Federal Register.

. Comment ;

9. Page 30 -

This section is incomplete without reference to
the ADHS action level for TCE of 5 ppb, and
more recently established action levels for
1,1-DCE and 1,1,1-TCA (1 ppb and 200 ppb
respectively). While these levels are volun-
tary as they apply to public drinking water
suppliers, they can form the basis for
groundwater discharge permit requirements. , In
such case they effectively serve to define the
treatment limits of any groundwater reclamation
facility that may be installed at Plant No. 44.

Response; On November 13, 1985, EPA published its

final Recommended Maximum Contaminant Levels ("RMCL's") for

TCE, DSE and TCA in drinking water. 50 Fed. Reg. 46880

(1985). RMCL is defined by new regulations to mean

the maximum contaminant level of a contaminant
in drinking water at which no known or antic-
ipated adverse affect on health or persons
would occur, and which includes an adequate

. margin of safety. Recommended maximum contam-
inant levels are non- enforceable health goals.

1
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the final SMCL's for TCE, DCE and TCA are 0, 7 ppb and

200 ppb respectively. 50 Fed. Reg. 46901 (1985). These

RMCL's became effective on December L3, 1985. Id- a* 46880.

Also on November 13, 1985, EPA published proposed Maxi-

mum Contaminant Levels ("MCL's") for TCE, DCE and TCA.

MCL's, when finally adopted, are enforceable standards

applicable to water quality in public water supply systems. I

MCL's are to be set as close to RMCL's "as is feasible" tak-

ing into account the best technology, treatment techniques

and other means which are found to be generally available

considering cost. The proposed MCLs for TCE, DCE and TCA

are '5 ppb, 7 ppb and 200 ppb respectively. 50 Fed. Reg.

46902, 46904 (1985). Based upon your comment, the state

action levels for TCE, DCE and TCA are 5 ppb, 1 ppb and

200 ppfa respectively.

The preceding does not alter the Target Treatment Lev-

els identified in the RAP since the Target Treatment Levels

meet or exceed even the non-enforceable health goals for

public-water supply systems. In. light of these recent

events, however, the Table appearing on page 36 of the BAP

is amended to read as follows:
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APPLICABLE, RELEVANT STANDARDS AND
TARGET TREATMENT LEVELS

EPA
FINAL
RMCL

Trichloroethylene

1,1,1,
Trichlo ro e, thane

1.1
Dichloroethylene

EPA EPA STATE RAP
PROPOSED FINAL ACTION TREATMENT
MCL RMCL LEVEL TARGET

5 ppb 0 5 ppb 5 ppb

200 ppb 200 ppb 200 ppb 16.8 ppb

7 ppb 7 ppb 1 ppb 0.033 ppb

Chromium .05 ppm -- -- -- .05 ppm

Second, this comment states that the state action lev-

els may serve as a basis for Arizona groundwater discharge

permit requirements. Operations of the pilot reclamation

project at AFP 44 have demonstrated that the treatment sys-

tems to be employed in the USAF's full-scale groundwater

reclamation program will purify contaminated water to levels

which meet or exceed the state action levels. Therefore,
although the suggestion that the reclamation project must

undergo a. formal permitting process in which state action

levels—may serve to define treatment limits raises a number
of legal questions, such questions are as a practical matter

mooted by the performance capabilities of the proposed

treatment systems. ' Nevertheless, several brief responses to .

those legal issues are set forth below.
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First, the USAF concurs with EPA's conclusion that

on-site CERCLA -response measures undertaken pursuant to

CERCLA S 104 need not apply for nor receive permits. See

Lee M.-Thomas Memorandum re: CERCLA Compliance With Other

Environmental Statutes. Nevertheless, the USAF, without

waiver of any legal rights, .will apply for relevant state

permits, and has previously and repeatedly informed ADHS of

this intention. Second, we seriously question whether state

action levels, i.e. non-enforceable health goals, can serve

as legal requirements in a permitting process.

In any event, the USAF will make applications for

appropriate permits once the final design documents for the

remedial action are completed, an event which should occur

in the near future. Since the treatment operations will

exceed the state action limits, it is anticipated, as ADHS

has in the past assured the USAF, that there will be no sub-

stantive issues raised by state groundwater discharge permit

program that would delay implementation of the proposed

groundwater reclamation project. (Also see the response to

ADHS comment 16 in paragraph B.16 below.)

Comment:

10. Page 34-36 -
While the proximal reason for establishing
stated treatment targets for 1,1,1-TCA and
1,1-DCE is discussed in the text (i.e., 'Previ-
ous correspondence among the EPA, ADHS, and the
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USAF . . ."; p. 34), the ultimate reason for
employing these levels is not. They are the
10 excess cancer risk level cited in the
1976 EPA publication, "Ambient Water Quality
Criteria for Dichloroethylenes," and the human
health criterion cited in the 1976 EPA publica-
tion "Ambient Water Quality Criteria for I
Chlorinated Ethanes." Both of these documents •
should be noted in these discussions.

Response; Both of the two documents referred to in

this comment are by this reference so noted.

Comment;

11. Page 65-

TEPCQ's belief that use of reclaimed water for
the Irvington Station is "impractical and
unwarranted" is not elaborated upon. What is

. the basis for this belief?

Response; In a September 1, 1982 to ADWR, TEPCO

stated:

Subsequent to initial discussions between TEP
and DWR, we have reviewed the potential process
of disposal of the TCE-contaminated water
through evaporation in the cooling towers of
our Irvington Station. Due to the large number
of significant problems and unknown associated
factors, TEP is of the opinion that further
consideration of the use of the Irvington Road
Station for elimination of the TCE would be
impractical and unwarranted. We suggest that
further efforts by DWR and all affected agen-
cies and companies be directed toward other
possible cleanup alternatives.

Comment:

12. Page 86 -

ADHS concurs with the conclusion that the rec-
lamation/ treatment /recharge alternative is the
preferred one of those considered.
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Response; We appreciate ADHS's concurrence in the

selected remedial alternative and the valuable assistance

which ADHS has provided to the USAF in its development of

the RAP;

Comment;

13. Page 94 -

Although the methods that will be employed to
treat contaminated groundwater are discussed in
the Malcolm Pimie report that is incorporated
by reference, the public nature and more wide-

, spread distribution of the RAP would seem to
warrant a more explicit discussion of treatment
techniques than currently appears.

Response: Since the USAF shared this perception, both

Malcolm Pirnie reports on treatment alternatives were phys-

ically attached to all copies of the RAP that were distrib-

uted for public comment. For this reason, we did not

attempt to restate the treatment alternative analyses per-

formed by Malcolm Pirnie on page 94 of the RAP.

Comment;

14. Page 97-

Re-ferences in this and the ensuing discussion
to "FIT" activities are incorrect. Field
Investigation Team ("FIT") activities in the
area, undertaken by EPA, ended in 1982-83.
Since October, 1983, a Superfund Remedial
Investigation conducted by ADHS as lead agency
with EFA funding, has been completed. Members
of the Remedial Investigation Team (RIT)
included ADHS, ADWR, EPA, the City of Tucson,
and Dr. Kenneth D. Schmidt, a private consul-
tant. The RIT reports will be released to the
public in the near future. A Superfund Feasi-
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bility Study, funded by EPA and conducted by
ADWR with assistance from ADHS, EPA, and the
City of Tucson, is ongoing.

Response; Thank you for correcting our error.

Comment;.

'16. Page 115-116 -

The ADHS requirement for a. Notice of Disposal
for any treatment alternative utilizing
groundwater recharge, and the possibility of
the necessity of obtaining a groundwater dis-
charge permit from the Department should be
explicitly discussed. The Air Force's respon-
sibility to ADHS in this regard extends beyond
the supplying of information mentioned in this
discussion.

Response; Filing-of a Notice of Disposal ("NOD") and

the possible relevance of a groundwater discharge permit are

already explicitly discussed on page 38 of the RAP, with

appropriate reference to relevant Arizona regulations. The

USAF's legal responsibility in this regard is briefly dis-

cussed in the repsonse to ADHS comment number 9 above. The

USAF's intention in this regard has been frequently

explained to ADHS in the past, and has been evidenced by the

fact that NOD's were filed with ADHS for AFP 44's pilot rec-

lamation project recharge wells on April 4, 1985.

Comment:

17. Figure 2.A. (Appendix) -

The 10 ppb contour drawn for TCE is not at all
consistent with the groundwater quality infor-
mation portrayed on this map (note the 320 ppb
concentration at monitor well M-36). If the
contours are not representative of actual
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groundwater conditions, they should be changed
or an explanation given as to why they have
been drawn as they are.

Response; The TCE contour lines presented in Figure

2. A are the TCE contour lines based on past AFP 44 disposal

areas as the source of groundwater contamination. Included

within the area between the 10 ppb TCE contour and the 100

ppb TCE contour on Figure 2. A of the RAP are the following

upper zone monitor wells and TCE concentrations:

Monitor Well TCE
Number Concentration

tf-16 74 ppb

M-25 96 ppb

M-10 • 10 ppb

M-13 10 ppb

EPA-1 48 ppb

EPA-4 30 ppfa

EPA-2 34 ppb

EPA-3 96 ppb

M-34 ND*

*~ EPA-5 57 ppb

M-36 ,320 ppb

(*ND means .none detected)

The monitor wells and TCE concentrations reported outside

the 10 ppb contour on Figure 2A are as follows:
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Monitor Well
Number

TCE
Concentration

M-21 ND*

M-19 3.2 ppb

M-15 ND

M-24A 7.0

M-14 2.7

M-22A ND

M-39 ND

M-36 ND

, M-3,7 . ND ' -

EPA-6 4.5 ppb

M-3S ND

M-32 ND

M-31 ND

M-33 ND

M-30 ND

M-1A ND

M-28 ND

(*ND means none detected)

Of the 28 relevant wells on Figure 2.A, only 2_ wells have

readings that are at all inconsistent with the 10 ppb con-

tour: M-34, in which no TCE was detected but which lies

between the 10 and 100 ppb contours; and M-36, which had a

TCE concentration of 320 ppb, which is located over a mile
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north (and dovmgradient) of AFP 44's northern boundary, and

which falls within the 10 and 100 ppb contour lines of the

plume emanating from AFP 44. The statement that the 10 ppb

contour is "not at all consistent with the groundwater qual-

ity information portrayed" on Figure 2.A is a statement that

could only have been made without referring to the

groundwater quality information portrayed on Figure 2.A.

Further discussions on the concentrations of TCE found

in M-36 are included in the attached comments from Hargis &

Associates on the RIT Phase I report and subsequent

responses in this Responsiveness Summary.

G. Recent COT Comments

1. Coauasnt: To clarify our previous comment,
why didn't the USAF consider a combination of
potable reuse, i.e., potable and/or industrial
water could have been supplied to AF Plant No.
44 regardless of the alternative selected? A
combination of potable uses to AF Plant No. 44,
Davis-Monthan, and the City, coupled with rein-
jection if desired could beneficially use all
water produced by an optimized pumping scheme
and may have been cost effective despite the
longer clean up period required.

T&e point of this comment is that potable uses
' could have been combined to use the optimum
amount of water produced by a reclamation well
field. An alternative which uses 310 gpra when
you must dispose of 2000 gpm is not a realistic
alternative.

The City fully endorses the remedial alterna-
tive selected. The above comment is intended
only to point out what appears to staff to be a
weakness in the evaluation of alternatives.
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Response: The USAF appreciates COT's indorsement of

the proposed remedial alternative.' Since this comment

acknowledges the appropriateness of the proposed groundwater

reclamation system, we will not respond in detail to all

possible combinations of the various response measures dis-

cussed in the RAP.

In essence, this comment suggests that other beneficial

uses could have been made of treated water, and that the

extraction rate of contaminated water could have been

adjusted to accord with the demand for various water uses.

As stated in the RAP, and noted in our response to similar

comments on potable usage of treated water above, recharge

is an important component of the reclamation program not

only for cost-effectiveness considerations, but for signif-

icant environmental reasons as well. Without recharge, not

only is the operating life of the reclamation project more

than doubled, but the failure to recharge would result in

significant aquifer drawdown impacts and related adverse

effects.. In balancing the potential benefits to be derived

from immediate potable or industrial use of treated water

against the increased operating costs of a longer term rec-

lamation project and other environmental risks, the USAF

decided that recharge was an essential component of the pro-

posed remedial action.

,
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The real issues then are whether some water from the

treatment plant .could be diverted for immediate beneficial

use, and whether any near-term benefits gained from such a

diversion justify the additional capital investment and

operating costs associated with other distribution systems

that would need to be constructed from the treatment plant

to provide a water service during the approximate ten-year

period during which the treatment plant is expected to oper-

ate.

Even if the answer to the first question were yes, the

answer to the second question would be no. By way of exam-

ple, consider the additional capital, operating and mainte-

nance costs associated with the three proposed uses

discussed in the comment: use of treated water at AFP 44, at

Davis Monthan AFB and fay the City. The estimated additional

capital costs of the distribution systems for these three

uses is $4,773,210 (see, Table 2 of the RAP), roughly a

twenty percent increase above the capital costs associated

with tiie- treatment and recharge proposal alone. The approx-

imate additional operating costs for these distribution sys-

tems for ten years is approximately $10,051,790 dollars

(halving the.combined 20-year operating cost estimates for

these systems presented in Table 2 of the RAP). The approxi-

mate capital and operating expenditures for the three addi-
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tional treatment plant distribution systems, from which

approximately ten years of benefit would be derived, is

$14,825,000. The cost of such alternate systems far out-

weigh any near term benefits associated with, such uses dur-

ing the anticipated period of the reclamation system.

B. Recent EPA Comments

1. Comment: The extent of contamination in
the aquitard below the upper aquifer and in the
lower aquifer has not been completely defined.
The RAP should acknowledge this and indicate
the Air Force plan and schedule for further
investigation of the vertical extent of
migration of AFP 44 contaminants.

Response: Eleven lower zone wells have been monitored

during the USAF's investigations to define the nature and

extent of groundwater contamination in the lower zone of the

regional aquifer. Data representative of that gathered from

these wells during the USAF investigations or monitoring

programs are depicted on Figure 2.E of the RAP, which shows

the following:
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Monitoring
Well

M-27

M-1B

M-26

M-22B

M-24B

M-2C

M-12B

HAC-1

M-IB

M-29

EPA-2A

TCE

ND*

TO

77 ppb
ND

ND

ND

8.2 ppb

340 ppb

ND

2.8 ppb

ND

TCA

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

DCE

ND

ND

ND

ND

ND

ND

ND

19 ppb

• ND

ND

ND

Chromium

ND

ND

ND

ND

ND

ND

ND

.01 ppm

ND ,

ND

.02 ppm

(*ND means-none detected)

Of these eleven lower zone monitor wells, contaminants
have been detected in five, and only three had concen-

trations exceeding the state action levels: HAC-1, M-12B

and M-26. These three wells monitor lower zone water quali-

ty in the vicinity of former production wells which pene-

trate (or formerly penetrated) both zones of the regional

-aquifer system. Given the existence of a 50-100 foot thick

aquitard separating the upper and lower zones (which is

documented in the RAP and supporting documents), given the

fact that contaminants were rarely found in the lower (which

is documented in the RAP and supporting documents), and
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given the fact that concentrations of contaminants exceeding

state actions levels occur only in areas penetrated by for-

mer production wells, the USAF concluded that the lower zone

had not. been directly contaminated by past disposal activ-

ities at AFP 44, and that the contamination which did exist

in the lower zone was the result of contaminated water from

the upper zone migrating to the lower zone through well

casings which penetrated both the upper and lower zones in

areas where contaminants existed in the upper zone.
Figure 2.E represents the approximate extent of contam-

ination in the lower zone based on the results of lower zona

monitoring and the hydraulic characteristics of the lower

zone (which are reported in the RAP and supporting docu-

ments). Based on these facts., it is the USAF's opinion that

the definition of lower zone contamination has been ade-

quately defined.
Having already reviewed the preliminary designs for the

reclamation wellfield system, EPA is aware that any uncer-

tainty>4*hich may exist in the definition of the nature and

extent of contamination in the lower zone is more than com-

pensated for by the designs for the intended remedial activ-

ity. The reclamation wellfield design, as shown on Figure 2
of the RAP, identifies the proposed location of four lower

zone extraction wells to remove contaminated water from the
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lower aone. These wells are located so as to extract lower

zone contaminated groundwater from areas known to be or

which might b* contaminated. Monitoring of lower zone water

quality will be continued during the implementation of the

remedial action to assure attainment of that result.

Thus, contamination in the lower zone has been ade-

quately defined, and any uncertainty as to this definition
would be cured through the "over-design" of the lower zone

extraction system. The efficacy of the lower sons remedial

action will be determined through continued lower zone

groundwater quality monitoring. In the unlikely event that

continued monitoring indicates that the lower zone action

has not accomplished the desired result, further investi-

gation may be performed. However, further investigation of

groundwater quality in the lower zone is not presently nec-

essary.
This comment also states that the extent of contam-

ination in the aquitard has not been adequately defined. At

AFP 44j_ the aquitard is a layer of clay and sandy clay rang-

ing in thickness from approximately 50 to 160 feet. The

aquitard is overlain by the upper zone of the regional

aquifer, which is comprised of sand and gravel with some

sand and sandy clay ranging in thickness from 60 to 100

feet. The sediments which comprise the upper zone of the
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regional aquifer are in turn overlain by a. layer of perching

materials ranging in thickness from 25 to 50 feet.

The. assumption of this comment is that contaminants

have already migrated into the aquitard, which therefore

warrants further investigation. We, however, are unaware of

any facts which give credence to the assumption.

As discussed above, contamination in the lower zone

appears limited to those areas where production wells pene-

trated both zones. If the observed contamination were the

result of contaminants having migrated through groundwater
in the upper zone and then through; 50 to 100 feet of rela-

tively impermeable clays in the aquitard into the lower

zone, lower zone groundwater contamination would be far more

widespread beneath the facility than it is given the extent

to which high concentrations of contaminants are distributed

in the upper zone of the regional aquifer beneath the facil-

ity. A comparison of Figures 2A through 2D of the RAP with

Figure 2E will graphically assist in understanding this

point.— Thus, lower zone water quality analyses, which indi-

cate an absence of contaminants in the majority of the lower

zone, do not support a conclusion that contaminants have

penetrated the aquitard.
Nevertheless, our fundamental response to this comment

arises from the perspective of practical, cost-effective
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decision making. The remedial action will be* performed over

an estimated ten-year period. As EPA stated in an earlier

comment to the USAF on this point, investigation of the

aquitard (which the USAF does not presently believe to be

necessary) "need not be conducted before completing the

upper regional aquifer remedial action." The proposed reme-

dial action, of which continued groundwater quality monitor-

ing in the upper and lower zones of the regional aquifer

will be an integral part, has an estimated duration of at

least ten years. If at the end of ten years, or at any time

before, groundwater quality data indicate that the aquitard
could be a continuing source of groundwater contamination,

then consideration may be given to investing money in the

performance of such an investigation. Presently, however,

the expenditures associated with an investigation of the

aquitard are economically unjustifiable.

2. Comment; The RA? should discuss the con-
tamination found in perched zone monitor well
B-9 which has consistently showed approximately
1000 ppb TCE over the past three years. This
wall is significant in that it is located adja-
cent to the present wastewater evaporation
ponds and the former location of an unlined,
backfilled wastewater holding pond. This dis-
cussion should include its possible source,
effect on the remedial action, and need for
additional remedial measures.

Response: Perched zone monitor well B-9 was drilled on

June 16, 1981. The bore hole was drilled to 91 feet below

i
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land surface. The well was cased to 90.4 feet, with the

casing perforated from 80-90 feet. The construction details

and lithologic logs for the well are contained in Appendix B

of Volume III of the Hargis & Associates, Inc. Phase I

Report.

B-9 was drilled into the area of the largest of the

pre-1977 industrial wastewater holding ponds. Much of the

area where this former pond was located was covered in 1977

by a single-lined evaporation pond, part of AFP 44's

zero-discharge industrial wastewater treatment plant

(IWWTP), which in turn is now overlain by the double-lined

ponds with an intermediate leak detection system. Since

1981, all ponds used as part of the IWWTP have been moni-

tored for leakage by a progressively-expanded neutron probe

detection system (capable of detecting soil moisture content

changes which would occur as a result of leakage from the

impoundments) and by monitoring water level and quality

changes in perched zone monitor wells.

In_addition to the construction of monitor well B-9 as

part of the Phase I investigation of historic AFP 44 dis-

posal sites, soil baring C-4 was completed immediately adja-

cent to monitor well B-9, again in the area of the former

unlined impoundment. See Figure 1 of the Phase I Investi-

gation. This boring was completed to a depth of 90 feet.
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Samples were collected from this boring on October 12, 1981

at five-foot intervals and analyzed for the presence of vol-

atile organic compounds. The results of these analyses

showed the following:

î *v £**•»* *r -•

Sample Below
Surface (feet)

3.5
10
15
20
25
30
35
40
45
50
55
60
65
70
76
aoOf.
ft 3o J
90

(*ND means none detected)

TCE
(ppb)

6
ND
2
ND
2
2
3
3
3
4
2
3
3
2
6
4
8
10

tCA
(ppb)

4
ND
ND
NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DCE
l£El
ND*
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

These results are reported in Appendix I of the Phase II

Report.
Neutron logs taken from the neutron probe monitor

ing system around the current surface impoundments since

1981 have not shown any evidence of increased soil moisture

content reflective of leakage from any of the impoundments,

either as single-lined impoundments during the period of

1977-1984 or as double-lined surface impoundments since
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1984. These results are reported in the following docu-

ments: Construction and Testing of Pilot Neutron Logging

System. Hughes Aircraft Company Manufacturing Facility.

Tueson. Arizona, (Hargis & Montgomery, Inc. 1981); Results

of Additional Testing. Pilot Neutron Logging System, Hughes

Aircraft Company Manufacturing Facility. Tucson, Arizona.

(Hargis 4 Montgomery, Inc. 1982); Results of Construction

and Testing of Neutron Logging System, Hughes Aircraft Com-

pany Manufacturing Facility, Tucson. Arizona. (Hargis 4

Montgomery, Inc. 1983); Memorandum Report Evaluation of 1983

Quarterly Neutron Logs (Hargis & Associates, Inc. 1984);

Results ot Neutron Calibration Experiment at Neutron Logging

Hole N-S (Hargis & Associates, Inc. 1984); Memorandum Report

Evaluation of 1984 Quarterly Neutron Logs (Hargis & Associ-

ates, Inc. 1985).

The comment: suggests that the relatively constant

levels of TCE found in monitor well B-9 may be the result of

a continuing source of TCE filtering through the vadose zone

into the zone of perched water which might be either the

pre-1977 wastewater holding pond or the post-1977

impoundments. The data contradict the implications.

First, the analytic results of the samples taken
from soil boring C-4 indicate that the soil column in the

vicinity of perched zone monitor well B-9 is incapable of
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being a source for constant perched zone contamination at a

concentration in excess of 1000 ppb TCE. The concentrations

of TCE found in the soils there are trace amounts, orders of

magnitude below the TCE concentrations found in well 3-9.

The trace amounts of TCE in the soil column cannot result in

relatively constant perched water concentrations found in

B-9. Further evidence that historic disposal in the

pre-1977 ponds is not a source of the continued TCE readings

is found in the fact that no DCE was detected in the soil

column. Even though there is no DCE in the soil column at

C-4, the B-9 concentrations of DCE'have also remained rela-

tively constant since monitoring began.

The neutron probe data and perched zone monitor

water levels gathered over the past four years indicate that

the 1WWTP impoundments, either as single-lined or dou-

ble-lined ponds, have not leaked.

As is discussed in the RAP, contaminated water in

the perched zone represents a potential continuing source of
contamination to the upper regional aquifer. To address

this potential problem, groundwater extraction wells con-

structed through the perched zone will be designed to drain

perched water into the upper regional aquifer where they can

be extracted for treatment. The purpose of this design is

to assure that any slow migration of contaminated perched
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zone water into the upper regional aquifer does not extend

the time needed'to remedy contamination in the upper zone of

the regional aquifer. Continued monitoring of the perched

zone will continue during the groundwater reclamation

project to ensure that the perched zone does not continue to

be a source of contamination in the upper regional aquifer.

E. Recent Agency Comments Concerning Possible AFP 44 TCE

Sources Not Addressed By The RAP Or Prior USAF Investi-

gations

Two agencies, EPA and COT, indicated that the

USAF'a investigations or analyses of historic AFP 44 dis-

posal areas and their impact on the regional aquifer were

inadequate based upon a failure to account for a potentially

significant source of TCE located in the northwest corner of

AFP 44. Because of their similarity, these comments are

individually presented below and given a single response.

1. COT Comment;

Again, the 1982-33 belief that the plume ema-
nating from AF Plant No. 44 terminates in the
vicinity of Los Reales Road may have been rea-
sonable based on the limited data available at
that time. To maintain this interpretation of
the data today requires that one assume both a
major source of contamination south of Los
Reales Road, which hasn't yet been discovered
either by the Remedial Investigation Team or by
the USAF, and that the industrial wastewater
discharged by AF Plant No. 44 was free of TCE
despite evidence to the contrary. A more
likely interpretation of today's data is that
the industrial wastewater discharged by AF
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Plant No. 44 is a major source of groundwater
contamination to the north of Los Reales Road.

Whether or not the computer modeling provides
only secondary support is virtually irrelevant
in explaining the concentrations found at M-36.
The much lower concentration detected in the
samples from monitoring wells off to the side
of the main plume and south of M-36 are consis-
tent with the concentrations found at M-36,
Basically, the U5AF has chosen to explain the
high concentrations at M-36 by ignoring the
industrial wastewater discharged by AF Plant
No. 44 and by assuming an undetermined source
south of Los Reales Road.

While the discharge from former wastewater
treatment may not have contained significant
levels of solvents (TCE concentrations were
probably less than .1%). when'compared with the
large amounts of solvent phase waste disposed
of in the southeast portion of the property,
they were more than adequate to cause the bulk
of contamination to the north of Los Reales
Road.

2. EPA Comment

(S) The RAP indicates that the solute trans-
port model was used as a secondary analytic
tool to define the extent of AFP 44-caused con-
tamination (page 3). Since data on actual dis-
posal rates, locations, times, and contaminant
movement rates is not presently available,
intrepretations [sic] based on the solute
transport modeling results themselves are ques-
tionable. If, however, the modeling is being
used as an aid in interpreting hydrogeologic
and other information then the model should
include a. potentially major source of TCE -
solvent and solvent-contaminated rinsewater
disposal during the 1950's and 1960's in the
ditches located in the northwest corner of AFP
44. Peak disposal rates have been estimated at
1,250,000 gallons per week. Any solute trans-
port modeling should include this source area,
which the existing model does not.
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Response;

Both ADHS (sec comment B17 above) and The City of

Tucson have suggested that the 1984 TCE concentrations found

in monitor well M-36 contradict the USAF's conclusion with

respect to the extent of contaminant migration from AFP 44.

ADHS contends that the TCE contour lines drawn from AFP 44
in the RAP are patently inconsistent with observed TCE con-

centrations portrayed on Figure 2.A of the RAP - a con-

tention that could only have been made without reference to

the TCE concentrations on Figure 2.A of the RAP. The COT

contends that the USAF has chosen to explain the high con-

centrations at M-36 by ignoring past industrial wastewater

discharges at AFP 44, which COT suggests were more than ade-

quate to explain not only the high concentrations of TCE at

M-36, but the majority of the groundwater contamination in

the area north of Los Reales Road. The EPA comment makes

clear that the location of this purported, potentially major

source of TCE through past industrial wastewater discharge

is the-jiorthwest corner of AFP 44.

All of these comments, as well as the following com-

ments concerning the RAP's conclusions as to the extent of

contaminant migration, are made without reference to sub-

stantiating facts, but appear to be based on the recently

published draft RIT Phase I Investigation Report. There-
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fore, the USAF responses to the above comments regarding TCE

disposal in the-northwest corner of AFP 44, as well as other

agency comments with respect to the extent of contamination

migration from AFP 44 identified below, will be fully
addressed, as they should be, in the USAF's detailed com-

ments regarding the inadequacies of the RIT investigation.

For present purposes, however, several preliminary

responses are appropriate. First, the assumption that dis-

posal of TCE in the northwest corner of AFP 44 resulted in

the "bulk of contamination to the north of Los Reales," or

the TCE concentrations in well M-36, either on the basis of

computer modeling or an interpretation of actual groundwater .

quality monitoring results is absurd. With respect to com-

puter modeling, the RIT in fact developed a computer model

scenario in which AFP 44 was the assumed sole source of TCE

contamination in the TIA (the "Second Scenario"). In the

Second Scenario, 0.12 gallons per day (gpd) of TCE were

introduced into the upper zone of the regional aquifer for

the period of 1955-1959 at the intersection of Old Nogales

Road and the Hughes Access Road. Other potential TCE source

points along the supposed industrial wastewater discharge

route at AFP 44 were assumed and considered to have made a

total contribution of approximately 1225.45 gallons of TCE

into the upper zone. Given these figures, industrial
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wastewater discharge at AFP 44 was assumed in the Second

Scenario to be the single largest volumetric contributor of

TCE contamination to the regional aquifer of any source in

the TIA.- See Figure 30. I

Despite these liberal assumptions about the impact of

industrial wastewater discharges on TCE concentrations in

the aquifer, the computer projection of TCE transport from

AFP 44, even using AFP 44 as a sole source and even after

inputting a significant TCE input in the northwest comer of

AFP 44, contradict the COT'S assertions. The RIT Second

Scenario computer model does not even project the 1 ppb con-

tour line that extends to the northernmost extent of meas-

ured TCE concentrations (Figure 31). Falling north (and

downgradient) of the projected 1 ppb contour line are TCE

concentrations of up to 77 ppb. Falling between the

projected 1 ppb contour line and the projected 10 ppb con-

tour in the area north of Los Reales Road are observed TCE

concentrations of 1, 34, 43, 50, 80, 50, 36, 70 and 48 ppb.

Only one of the observed concentrations accords with the

Second Scenario's projected 1 ppb and 10 ppb contours. The

much emphasized TCE concentration at M-36 (320 ppb by actual

measurement in December 1984, reported as 270 ppb on Figure

31 based on an earlier measurement) falls at the edge of the

projected 10 ppb contour.
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In short, the computer modeling performed by the RIT in

its Second Scenario, which assumes a remarkable contribution

of TCE to the regional aquifer, contradicts the assertions

that: <1) TCE-contaminated industrial wastewater (assuming

such waters were significantly contaminated by TCE) dis-

charged to the northwest corner of AFP 44 (assuming further

that the transport mechanism allowed for significant

migration of TCE into northwest corner soils and made this

area a significant source of TCE contamination) was "a major

source of groundwater contamination to the north of Los

Reales Road"; (2) there are no other sources of TCE contam-

ination in the TIA area contributing to the so-called "main

plume"; and (3) high concentrations of TCE at M-36 are the

result of contaminant migration from AFP 44.

Further preliminary responses to comments concerning
the northwest corner of AFP 44 as a major source of TCE con-

tamination and AFP 44's contribution to groundwater contam-

ination at AFP 44 are contained'in the attached copy of

Hargis_& Associates preliminary comments on the RIT report.

F. Recent Agency jTomments Concerning the Extent of Contam-

inant Migration From AF? 44

EPA'and the CO? both made generalized comments with

respect to the extent of groundwater contamination emanating
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from AFP 44. Because of their similarity", these comments

are presented individually below and given a single

response.

EPA Comment: Based on currently available
information, it appears that the northern
boundary of the contamination emanating from
AFP 44 probably extends well beyon'd Los Reales
Road as the RAP states. In addition, the RAP
should explain the technical basis for the con-
clusion on the extent of AFP 44-caused contam-
ination.

COT Comment: Staff's comments on the Final
Draft RAF remain essentially the same as those
previously expressed in the letter of June 24,
1985 [in which COT provided earlier comments on
a pre-publ.ication version of'the RAP]. Unfor-.
tunately, the response [from, the USAF} of
October 22 either misses the intention of the
comments or simply states that the USAF inter-
pretation of the data available to the USAF
supports the conclusions in the RAP. We are of
the belief that TCE contamination emanating
from AF Plant No. 44 has migrated considerably
north of Airport Wash and contributes the bulk
of TCE contamination north of Los Reales Road.
The facts to support our belief are contained
in the Final Draft of the Remedial Investi-
gation Report which has been supplied to the
USAF [subsequent to the publication of the
RAP] .

Staff never intended that the USAF undertake
further remedial investigations north of Los
Reales Road. However,' assuming the bulk" of
contamination to the north resulted from AF
Plant No. 44 activities, then it is reasonable
to perform a technical evaluation to determine
the portion of the contamination plume which
can be cost effectively remediated using the
proposed RAP.

Response; ADHS (through prior comments and in its

draft RIT Phase I Report), EPA and COT have each expressed a
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"belief" or an "apparent probability" that groundwater con-

tamination emanating from AFP 44 extends well north of Los

Reales Road, beliefs which differ substantially from the

USAF's conclusions in this regard. Such beliefs are unac-

companied by any analysis of the recorded data. At the out-

set, however, it should be noted that, notwithstanding their

contrary beliefs, these agencies have also endorsed the
USA'F's proposed remedial action south of Los Seales Road and

encouraged its expeditious implementation. The comments

regarding the extent of contamination emanating from AFP 44

do not raise substantive issues as to the necessity, advis-

ability or feasibility- of the proposed remedial action.

With respect to the EPA, ADHS and COT beliefs them-

selves, however, it is the USAF's opinion that such beliefs

are not well-founded and indeed are contradicted by the

facts. Since such beliefs are derived from the final draft

RIT Phase 1 Report, it is the USAF's opinion that, such

beliefs are- the product of highly questionable if not

patently defective analyses of the facts that have been

developed.

The USAF's initial response to the RIT Report is pre-

sented in the enclosed letter from Hargis & Associates, Inc.

Hargis & Associates' initial review of the RIT Report
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revealed major problems with the RIT Report's conclusions

and analyses, including those summarized below:

a. Volume I concludes that AFP 44 is the predom-

inant source of contaminants in groundwater north of Los

R'eales Road based upon the purported migration of contam-

inants from AFP through "unique hydrogeologic conditions"

along the "longitudinal axis of the main plume" which

extends from AFP 44 to Valencia Road. However:

1. lithologic logs from wells throughout

the TIA area demonstrate that "unique hydrogeologic condi-

tions" do not exist along any such "longitudinal axis";

2. groundwater quality data demonstrate

that there is not a. continuous narrow strip of high contam-

inant concentrations extending from AFP 44 to Valencia Road,

or even from AFP 44 to Los Reales Road. The observed con-

centrations of TCE, DCE, chromium and chloroform in fact

contradict the conclusion;

3. Volume I of the RIT Report disregards

conclusions in Volume III of the Report concerning the

existence of other contaminant sources north of AFP 44;

4. the Volume III Report on the Investi-

gation of other sources dismisses some sources north of AFP

44 based on inadequate investigations, dismisses other

sources based on questionable interpretations of the data
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developed, and overestimates AFP 44 contributions to

groundwater contamination through the use of analyses used

elsewhere to reject other potential sources of groundwater

contamination north of AFP 44;

5. not even RIT computer modeling of con-

taminant transport away from AFP 44, modeling which assumes

that industrial wastewater discharges resulted in signif-

icant TCE contamination to the aquifer from the. northwest

corner of AFP 44 (a highly questionable assumption based on

the USAF's detailed analysis of past AFP 44 disposal prac-

tices), projects contaminant migration which supports the

sweeping conclusions of Volume I, and the isocontour lines

projected fay such modeling are themselves contradicted by

observed contaminant concentrations actually measured from

monitoring wells .located throughout the TIA area.

These deficiencies are discussed at greater length in

the attached letter from Hargis '& Associates on the RIT

Report. Detailed comments on the RIT Report are being pre-

pared ,—and will constitute a complete response to these

agency comments once finalized.

G. Recent Agency Comments Concerning Community Relations

Plans

EPA and ADHS suggested that, while adequate,

improvements could be made to the RAP's Community Relations

\
I
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Plan. The USAF has already sponsored a variety of programs

to inform the public about the proposed remedial action and

to provide for public participation in the identification of

an appropriate remedial response. Two major meetings with

representatives from the press and a variety of public agen-

cies and public interest groups were held during 1984, and

the distribution of the RAP for public comment are reflec-

tive of the USAF's commitment in this regard.

The RAP's Community Relations Plan is based on

USAF guidance which was developed in consultation with EPA.

However, in order to assure that the public is fully

informed as to the implementation of the AFP 44 remedial

action program, the USAF will meet with EPA and ADHS to

ensure that the RAP's Community Relations Plan is fully

coordinated with the community relations efforts undertaken

by them in conjunction with the RIT investigations, and to

amend as appropriate the RAP's Community Relations Plan.

H. Recent Comments from ADWR

. Comment : With regard to our comments on
the previous draft , it is our opinion that the
disclaimer appearing on page 5 of the final
draft is sufficient to point out to the reader
that technical differences may exist regarding
such matters as the probable extent of
groundwater contamination emanating from Air
Force Plant #44. However, we believe that
statements made prior to the disclaimer regard-
ing the extent of contamination (such as on
page 2, bottom) should be portrayed as the Air
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Force's opinions, rather than as generally
accepted belief.

Response: Please see the response to Comment 3.2 above.

2. Comment; Also with regard to our com-
ments on the previous draft [of the RAP], we
are somewhat disappointed that continued
groundwater monitoring (particularly.of the
perched zone) was not more fully addressed in
the final draft RAP.

Notwithstanding these concerns, we believe that
the final draft RAP is representative of a com-
prehensive analysis of the problem at hand, and
presents a proposed remedial action that
appears to be -both appropriate and effective,•

Response; As part of its remedial investigation, the USAF

has constructed and/or routinely sampled and analyzed

groundwater quality at over 104 perched zone and regional

aquifer monitoring wells at and in the vicinity of AFP 44.

An extensive monitoring system is already in place, and con-

tinued groundwater quality monitoring would be required for

any remedial program analyzed. Since this factor was there-

fore one that would not influence the selection of a. pro-

posed remedial alternative, the issue was not exhaustively

discussed for each alternative discussed in the RAP.

The specific groundwater quality program to be

implemented in conjunction with the remedial action proposed

by the RAP will, however, be developed as pa.rt of the
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detailed design and operating procedures for the proposed

system. We will work closely with the ADWR and others in

developing a specific monitoring program for the AFP 44

groundwater reclamation project. Obviously, the monitoring

program will include both the perched zone and the regional

aquifer water in the treatment area, a fact which is made

clear in the RAP.

The USAF appreciates ADWR's endorsement of the

proposed remedial action plan. Your responsible comments

and advice have been of great value in the development of

the USAF investigations and remedial alternatives analysis,

and we look forward to continued support from ADWR as we

develop final design documents for the AFP 44 groundwater

reclamation project, including its monitoring system.

I. Other Technical Comment

As part of their comments, several agencies have

also made specialized technical comments on issues relevant

to implementation of the proposed remedial action. These

comments concern detailed engineering design matters and are

not relevant to the feasibility or selection of an appropri-

ate remedy. Such comments have been addressed and will con-

tinue to be reviewed by the hydrogeologic subcommittee of

the AFP 44 Technical Review Committee as design documents

for the proposed system are developed.
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Abandoned Haste Disposal Sites, Hughes Aircraft Company Manufacturing
Facility, Tucson, Arizona, Volumes I, II, and ill, Hargis & Montgomery, «.
Inc., March 1 2 , 1 9 B Z . *

Memorandum Report; Jtesults of Additional Testing» Pilot Neutron Logging
System. Hugnes Aircraft Company Manufacturing.Tacinty, Tucsont Arizona,
Hargis & Montgomery, Inc.,-April Is, isaz. ' • ' ' '•'"-. - ~ \

6. Preliminary Reclamation We! If ield Design and Assessment of Hater Treatment
Alternatives, United States Air Force Plant No. 44, Tucson,. Arizona,
Hargis & Montgomery, Inc., August 9, 1982.

7. ' Digital Simulation of Containment Transport 1n the Regional Aquifer
System, U.S. Air Force Plant NO. 44» Tucson, Arizona, Hargis & Montgomery »
Inc., October n, '
Evaluation of Data Collected by Tucson Groundwater Contamination Study
Task Force in tfie vicinity of u.5» Air Force Plant No. 44» Tucson;i5ruona,

& Montgomery, Inc., February 4, 1983.

Aircraft Company Manufacturing Facility > Tucson. Arizona, Hargis
Montgomery, inc., March 3, 1983.
Interim Emergency Measures Cementing of Wells HAC-1. HAC-2, and HAC»4,

9. Results of Construction and Testing of Neutron Logging System. Hughes

10.

11.

12.

13.

14.

U.S. Air Force Ptant No. 44t Hargis & Montgomery, inc., Hay Z5»

Summary of 1982 Hydro logic Monitoring Program U.S. A1r Force Plant No.
44, Tucson, Arizona, Volumes 1 and if, Hargis & Montgomery, inc.. July
15, 1983.

Construction of Monitor Wells M-21 Through M-28, U.S. A1r Force Plant
Ttoj. 44. Tucson. Arizona. Hargis & Montgomery, Inc., September 1Z, 1983.

Conceptual Study for Treatment of Reclaimed Water at USAF.Plant No.
44 Phase I & Phase 11 Results. Maicoim Pirnie, inc., September, r̂ B3.
Environmental, Energy, and Resource Conservation Review of Air Force
Plant 44, ORB Associates, October, 1983.
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15. Analysis of Data Collected by Tueson Groun'dwater Contamination Study
Task Force in the VI elm ty of Tucson international Airport, rtargis &'

' Montgomery, Inc., February 24, T 984.

16. Conceptual Study for Treatment of Reclaimed Mater at USAF Plant Nô
44 Phase III Results, Haieolm Pirnie, inc., Fesruary, 1984,

17. Memorandum Report; Recommendations for Pilot Reclamation System. U.S.
Air Force Pi ant Ho. 44, Tucson, Arizona, Hargis & Montgomery, Inc.,
May 30, 1984.

18. Memorandum Report; Evaluation of 1983 Quarterly Neutron Logs, U.S.
Air Force Plant No. 44, Tucson, Arizona, Hargis & Montgomery, inc.,
June 22 f 1984.

19. Memorandum Report ; Eva! uati on of Hater Use Al ternatl ves . Proposed
Reclamation Welifleia, _u.S'. Air Force Plant No. 44, Tucson. Arizona,
Hargis & Associates, inc., October 1 1, 1984. '
Construction of Monitor Wells. M-29 Through H-39. U.S. Air Force Plant20.

21.'

22.

23.
.

24.

Tto. 44, ucson, Arizona, Hargis Associates October 16,984.

ftesuTtj of- Jteutron Calibration Experiment-August 1984, U.Ŝ  A1r Force
Plant JJQ. 44. Tucson, ArizonaT Hargis & Associates^ inc., October 2^.

Construction of Perched Zone Monitor Hells S-1 Through S-19 U.S. A1r
Force Plant No. 44, Tucson, Arizona, Hargis & Associates, Inc. .November
2,

Construction of Pilot Reclamation Wells U.S. A1r Force Plant No. 44,
*Tacsqn, Arizona. Hargis & Associates, inc., November tz,
Results of Jteutron Calibration Experiment at Neutron Logging Hole N-5.
•Tfcvember 1984, U.S. A1r Force Plant̂ Ho. 44, Tucson, Arizona, Hargis
& Associates, inc., December ll, 1984.

25. Industrial Haste Treatment Facilities, EPA Part "B" Permit Application,
Title 40 CFI Prt
14, 1984.

ughes Aircraft Company, Tueson, Arizona, December

26. Groundwater Treatment Facility, U.S. A1r Force Major Project No. 1-64-114.
Draft Technical specifications. Hughes Aircraft Company, "Tucson, Arizona,
u.5. Air Force Fian'E NO. 44. yoiumes IA, IB, anajij. Design Ana lysis,
Metcaif and 6ddy, Feoruary 29, 1985.

27. Design of Reclamation Well field, U.S. Air Force Plant No. 44, Tueson,
Arizona, Hargis & Associates, inc., March 15, 19B5. "~"

28. Poor Quality Groaitdwater Withdrawal Permit ftppTI cation, U.S. A1r Force
1>iant Ho. 44̂ Tucson, Arizona, tiargis & Associates, inc., March 29, 1985.

29. Draft Remedial Action Plan, U.S. Air Force Plant No. 44, Tucson, Arizona,
Hughes Aircraft corapaay, ̂ pn i 10,
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30. Summary of 1984 Hydro!ogic Monitoring Program, U.S. Air Force Plant No.agnmr,44 Tucson. Arizona. Volumes i.'U. ana ill. Margis ana Associates, inc.
May 31, ' — — — — — — — -

31. Installation Restoration Program Phase I, Records Search Final draft,
Air Force Plant No. 44. lucson. Arizona, science Applications international
Corp., Hay. 1985.

32. Evaluation of 1984 Quarterly Neutron Reports, Hargis and Associates,
Inc., June 12, 'I98b. —————————

33. Water Quality Results; January 1985 - June 1985, Hargis and Associates.

I
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For CV meeting with EL, JA
Hughes Aircraft Company >

TALKING PAPER

ON

REMEDIAL RESPONSE PROPOSAL FOR AFP 44, HUGHES/TUCSON

MAIN THRUST

1HE AIR FORCE MUST IMPLEMENT A FINAL GOJNDWATER REMEDIAL PRQOttM IN RESPONSE TO
HISTORIC HASTE DISPOSAL CAUSED ENVIRaWENlAL CONTAMINATION BENEATH ITS FACILITY IN
TUCSON ARIZONA.

DISCUSSION

(1) BACKGROUND

United States Air Force Plant 44 (AFP 44) is a Goverranent-Owned, Contractor-
Operated manufacturing facility in Tucson, Arizona operated by Hughes Aircraft,,
Company on behalf of the United States Air Force. In 1981 the Air Force *
learned of the presence of contaminants in the grcundwater beneath the facility
and together with Hughes initiated an extensive investigation to identify the
source and extent of any grcundwater contamination which might have been caused
,by activities at AFP 44.- •That, •investigation has 'shown that as a result of .

-. historic (although then envircmentally acceptable) waste handling practices,'
groundwater beneath the facility is contaminated and that contamination has
moved in the groundwater northwesterly from the facility's northern boundary
to the vicinity of Los Reales Road.

(2) RTM23IAL ACTION PL̂ N

In responding to the presence of AFP 44-caused grcundwater contamination under.
its authority under the Comprehensive Environmental Response/ Compensation and
Liability Act, the Air Force has completed a study examining several possible
strategies of remedial action. The results of that study are exhaustively
presented in a Remedial Action Plan (RAP). The RAP identified 18 alternatives

_--for remedial action; however, six of these alternatives, including the no
\ action alternative, were eliminated in the initial screening of the study.

Twelve of the alternatives, each involving the withdrawal, treatment and reuse
or recharge of groundwater, were more fully explored and evaluated (see
attachment).

(3) PROPOSED ACTION

The National Contingency Plan at 40 CFR 300.68(j) provides that:

The appropriate extent of remedy shall be determined by the lead agency's
selection of the remedial alternative which the agency determines is
cost-effective (i.e, the lowest cost alternative that is technologically
feasible and reliable and which effectively mitigates and minimizes
damages to and provides adequate protection of public health, welfare
or the environment).

I



Consistent with the requirements of the National Contingency Plan and the
Department of Defense's Installation Restoration Program, the Mr force has
evaluated the alternatives' contribution to the protection of the public
health <*ni enviroruTent, as well as the alternatives' cost, technological
feasibility and reliability, and enviroranefctal inpaets. Ihe resulting Mr
Force proposal is to inplsnent the alternative of direct acquifer recharge of
treated groundwater by recharge wells.

Approve and Sign Record of Decision to implement the program.

77

As of:
OPR:

19 Nov 85
JA/Maj Harte
eaet/7475

1 Atch
Attendance List



DEPARTMENT OF THE AIR FORCE
HEADQUARTERS AIR FORCE SYSTEMS COMMAND

ANDREWS AIR FORCE BASE. DC 303*4

Record of Decision

Remedial Alternative Selection

78

Si tet Air Force Plant 44, Tucson, Arizona

Analyses Reviewed;

I am basing my decision upon review of the following
documents relating to the presence of groundwater contamination
at Air Force Plant 44 and the evaluation of remedial alternatives
at the plant.

-Remedial Action Plan (together with the documents and
reports incorporated therein and as referenced in the
attached)

, . -Responsiyeness Summary . • ... . - , • • ' - . "

-Environmental Assessment and Finding of No Significant
Impact

-Results of the Tucson Airport Area Remedial
Investigation Phase I and the continents thereon by Air
Force consultants

-Installation Restoration Program Phase I Report

-Staff and Consultant Summaries and Recommendations

Description of Selected Remedy;

-Construction of a reclamation wellfield to extract
contaminated groundwater from the regional aquifer

-Withdrawal and treatment of the extracted groundwater to
remove contaminants

-Reinjection of the treated water to the regional aquifer

-Monitoring of the groundwater so ensure the effectiveness of
the remedial effort and to substantiate termination.

Deelarat ions

Consistent with the Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA), and the National
Contingency Plan (40 CFR Part 300), I have determined that the
extraction of contaminated groundwater, its treatment and the



r
reinjeetion of treated water at Air Force Plant 44 is a cost-
effective remedy, and that it effectively mitigates and minimizes
damage to, and provides adequate protection of, the public
health, welfare and the environment. The State of Arizona, the
City of Tucson and the Environmental Protection Agency have been
consulted and agree with the approved remedy, encouraging the Air
Force to proceed with the remedy's implementation.

I have determined that the extent of groundwater contamination at
Air Force Plant 44 has been persuasively demonstrated by the data
and technical analyses referenced and discussed in the Remedial
Action Plan. Implementation of the proposed remedial action
program is necessary to prevent further harm to the
environment. Any conflicting views with respect to the extent of
the Air Force Plant 44 plume of contamination would not alter the
necessity for the proposed actions. The selected remedy
minimizes any potential impact upon any available remedy to the
groundwater contamination in the Tucson International Airport
Area outside of Air Force responsibility.
This action will require future operation and maintenance
activities to support the treatment of contaminated groundwater
at .Air Force' Plant 44. Data collected
monitoring of the groundwater effected.
activity will be analyzed to determine
termination.

from the continued
by Air Force Plant 44
the point of treatment

•

WILLIAM E. THURMAN
Lieutenant General,
Vice Commander

USAF
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SUMMARY OP REMEDIAL RESPONSE ACTIVITIES

AND REMEDIAL ALTERNATIVE SELECTION

Air Force Plant 44

Tucson, Arizona

Site Description and History

United States Air Force Plant 44 (AFP 44) is a United States-
owned, contractor-operated defense systems manufacturing facility
located in Tucson AZ. It occupies approximately 2,106 acres of
land southwest of the Tucson International Airport. AFP 44 is
operated for the Air Force by Hughes Aircraft Company and has
been producing major defense systems for the United States since
1951.

In early 1981, the Environmental Protection Agency conducted a •
preliminary investigation of groundwater conditions and quality
in the vicinity of the Tucson International Airport. The results
of this investigation indicated the presence of contaminants in
groundwater beneath AFP...44, Subsequent to- this discovery, the
Ai'r Force, and Hughes initiated an -extensive review of'historic
waste handling practices at AFP 44 together with vigorous
hygrogeological investigations into the environmental conditions
existing at the plant. As part of those reviews and
investigations, a groundwater quality assessment and monitoring
program was established which now consists of 104 on-site and
off-site groundwater quality monitoring wells. These
investigations have demonstrated that hazardous wastes from AFP
44 have in fact been released into the groundwater beneath the
plant as a result of pre-1977 waste management and disposal
operations and that residuals of those wastes have over time
migrated in a northwesterly direction beyond AFP 44's northern
boundary. This plume of contamination from AFP 44, consisting In
its farthest reaches of trichloroethylene--a once widely used
industrial solvent or degreaser, now reaches in low
concentrations to an area slightly north of Los Reales Road in
Tucson.

Environmental investigations conducted by the Environmental
Protection Agency, the Arizona Department of Health Services and
Department of Water Resources, and the City of Tucson since 1981
have also confirmed the presence of groundwater contamination in
the vicinity of the Tucson International Airport and well north
of AFP 44. Those investigations identify—but do not fully
explore—several known or potential sources of contamination from
historic and present industrial and aviation related activities
at or near the airport as well as from old waste disposal and
landfill operations unrelated to the operations at AFP 44.



Air Force investigations into the scope and extent of
contamination beneath its facility at AFP 44 have been conducted
pursuant to its authority under Section 104 of the Comprehensive
Environmental Response, Compensation and Liability Act of 1980
and Executive Order 1231S. The Air Force manages its
responsibility and authority for responding to a release or
potential release of hazardous substances from AFP 44 under the
provisions of the Installation Restoration Program (IRP), a four-
phased effort of problem identification, confirmation, technology
development, and implementation of remedial measures which is
consistent with the program requirements of the National
Contingency Plan. The identification and confirmation phases of
the IRP have been on-going at the plant since 1981. Recently,
the Air Force completed and published a Remedial Action Plan
(RAP) analyzing several alternative cleanup options and proposing
to initiate a final groundwater remedial measure. Source control
and contaminant removal activities were conducted earlier.

Alternatives Evaluation

The Air Force's investigations identified a zone of perched
groundwater overlying the regional,aquifer system and separated;
from the regional *equifer by clays and other impermeable
materials. Chromium, trichoroethyiene (TCE), 1,1,1
trichloroethane (TCA) and I, 1 dichloroethylene (DCE), together
with lesser amounts of other contaminants, are found in the
perched zone and in the upper zone of the regional aquifer. The
Air Force goals with regard to its remedial program are to
prevent to the maximum degree practicable any continued migration
of these contaminants from Plant 44; to remove and. dispose of
contaminants in an environmentallly sound manner and in the most
cost-effective and timely manner possible, rendering contaminated
groundwater suitable for beneficial use; and to implement a
program which meets all applicable and relevant local, state and
federal agency requirements, which does not result in unwarranted
lowering of the water level in the regional aquifer, which does
not interfere with any other remedial actions conducted in the
airport vicinity, and which is consistent with the goals of the
Tucson Active Groundwater Management Area. In furtherance of
those ambitious goals, the Air Force developed a Remedial Action
Plan (RAP) assessing the extent of the Air Force Plant 44 caused
groundwater contamination as identified and analyzed In several
preceding investigations and reports under the IRP and other
reports and investigations completed by .other interested
agencies. The RAP proposes a remedy most appropriate under the
circumstances found and confirmed in these investigations:
namely, the construction of a reclamation wellfield to extract
contaminated groundwater from the regional aquifer, the
withdrawal and treatment of the" extracted groundwater to remove
contaminants, and the reinjection of the treated water to the
regional acquifer.



Eighteen potential alternatives were identified in the RAP to
mitigate or remediate groundwater contamination. Six of these
alternatives, including the no action alternative, were
eliminated from consideration early in the analyses presented by
the RAP for their failure to satisfy the goals established by the
Air Force for its groundwater remedial program. Those
alternatives eliminated included no action, containment of the
contaminant plume by the installation of impermeable barriers,
and four means of disposition consisting of (1) the withdrawal of
contaminated groundwater and the disposal of the contaminated,
untreated water into the public sewer system, (2) by deep-well
injection, (3) by solar evaporation, or (4) in a permitted
hazardous waste treatment or disposal facility. None of the
alternatives eliminated provided any long-term confidence that
public health and the environment would be protected and all
suffered from the fact that a substantial amount of groundwater
would be effectively withdrawn from any beneficial use for the
forseeable future. The remaining 12 alternatives all consisted
of withdrawal and treatment of contaminated groundwater by
various means. (A summary of the 12 withdrawal and treatment
alternatives is found at Table 2 of the RAP and is further
summarized in the attachment.) ,

Additional criteria were considered in the evaluation of the
remaining alternatives for technical and program policy reasons,
particularly: that extraction at less than 2,000 gallons per
minute would not effectively reclaim contaminated groundwater,
that pumping and extraction might necessarily continue over a 20
year period, and that distribution or use of the treated water
wou^ld need to_be eons i sf«nT wjt th_sjt»_ t e_ .s t atulojry requijrement..s_and
the Ioeta gJAundwat-ef management pLajL. primarily, with "fVspeeF fo
tKS"̂ rS"ffer, that drawdown of existing groundwater must be
minimized and further degradation of groundwater quality
prevented. The only alternative satisfying these criteria is the
recharge of the regional acquifer with treated water: the
preferred, proposed and approved remedy. Such remedy is cost
effective and effective in reducing contamination through
extraction and subsequent replacement of the contaminated
groundwater with treated water. By all methods of analysis, the
approved remedy offers the most protection to public health and
best restores the effected environment. Furthermore, the
approved remedy complies with all relevant and substantive
environmental standards and is consistent with the National
Contingency Plan and the Air Force's statutory response
authority.

Other Remedial Response Activities
As noted previously, the Environmental Protection Agency, the
Arizona Department of Health Services and Department of Water
Resources and the City of Tucson—known collectively as the
Remedial Investigation Team (RIT)—have studied similar problems
of groundwater contamination in the general vicinity of the
Tucson International Airport and north of AFP 44. The results of
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th?se investigations have been exl.aust! vsly analyzed by the Air
Force and its consultants in 1983 and 1984 and again, just
recently, upon publication of the Tucson Airport Area Remedial
Investigation Phase I in November 1985. The earlier
investigations and reports of these interested state and federal
agencies Identified and confirmed the presence of substantial
sources of groundwater contamination to the Nat tonal"Priorities
List Tucson Airport Area other than and distinguishable from
groundwater contamination caused by AFP 44. Indeed, in. 1983 the
agencies concerned concluded that the then available data
supported a conclusion that the plume of contamination emanating

south of Los Reales Road. In Novemberfrom AFP
1984, in

44
an

terminated
unrebutted

consultants concluded,
and analysis, that the

report, the Air Force's hydrogeologie
on the basis of extensive data gathering
low concentration, forward edge of the AFP

44 TCE contaminant plume had recently migrated to a point
slightly north of Los Reales Road. Since that time the
collection of additional data and resultant analysis by the Air
Force has confirmed that 1984 assessment. While subsequent
migration of contaminants in the acquifer system may have
resulted in low concentrations of contaminants associated with
waste disposal activities,, at, AFP 44 moving- slig-htly .north of the
plant towards other contaminant plumes, ' the Air F"oree Has
concluded that the AFP 44 plume of contamination is separate and
distinct from the wide area of contamination located north and
substantially downgradient of Los Reales Road as identified in
the RIT November 1985 report.

The RIT's most recent report, prepared on behalf of the agencies
under contract to the Arizona Department of Health Services is
remarkable only in its technical deficiencies, from data
collection to technical and scientific analysis. Three of the
major issues presented in the report and noted for their flaws
were oommented on in some depth by the Air Force consultants.
These Comments were provided to the author agency at the close of
the response period allowed for Air Force peer review. The
comments addressed the areas of unsubstantiated conclusions or
contradictory conclusions (by facts or related conclusions), in
the inadequacies and inconsistencies in the source investigations
reported and analyzed in the report,
computer model projections and their
reproduce actual observed conditions
parts of the report. The underlying
driving the investigation apparently
hastily drawn conclusions, is that AFP 44
the majority of groundwater contamination

1

and the inability of
resultant conclusions to
or the conclusions of other
assumption of the report,
to its ill-founded and

is the sole source of
observed in the

vicinity of the Tucson International Airport. In the opinion of
the Air Force consultant, such assumption and conclusion cannot
be technicall-y supported.

In order to support the necessary continuing remedial,
investigation efforts of the Arizona Department of Health
Services and the other members of the RIT, the Air Force has
offered assistance to correct the report's deficiencies. Such
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offer was tendered to the state in October 1985 in response to
its comments on the Air Force RAP--reeognizing the possibility
for technical dispute on the Air Force determination respecting
the extent of contaminant migration from AFP 44. That offer was
again made upon submission of comments to the KIT study, but
emphasizing that any technical dispute between the Air Force and
the KIT was in fact
state's fundamental
corrected. None of
however, need alter
implementation of a

nonexistent, until such time, perhaps, as the
technical and analytical errors were
the issues presented by the HIT report,
the Air Force conroitment to proceed with the
comprehensive groundwater remedial effort for

the extent of contamination caused by AFP 44.

Attachment
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••VI
Alternative

Discharge to Public
Setter System

AFP 44 Industrial
Uses

Asarco Copper Mine
Uses

Farmer a Investment
Go. Irrigation

Papago Indian
Irrigation

Golf Course
Irrigation

Compliance With Public Health/
Environmental Standards

Coat ($Hillion-1984) Technological.
Feasibility"

Meets or exceeds health standards. Sewer 42.2
system cannot accept inflow large enough
to timely remedy contamination.
Inconsistent with local groundwater
management plans. v

Meets or exceeds health and environmental 0.3
standards. Inadequate industrial water
demand to satisfy remedial action goals.
Meets or exceeds health and environmental 43*5
standards. Reliability of continued
long-term use demand to meet remedial
action needs unknown.

Meets or exceeds health standards, but 79.1
Inconsistent with local groundwater
management plans. Long-term use demand
unknown; at best seasonal, noncontlnuous
use *

Meets or exceeds health standards, but 33*6
Inconsistent with loca'l groundwater
management plans. Long-term use demand
unknown; at best seasonal, rion-
continuous use.

Meets or exceeds health standards, but 5.0
inconsistent with local groundwater
management plans. Long-term use demand
unknown; at best seasonal, non- - •"
continuous use. Inadequate irrigation!
demand to satisfy remedial action goals.

Moderate

High

High

Moderate

High

Moderate



CD
CO

Becreattonal Use at
Santa Cruz Park

Recharge to Santa
Cruz River

Meets or exceeds health standards, but
Inconsistent with local groundwater
management plans,

Meets or exceeds health standards, but
Inconsistent with local groundwater
management plans. \

Davls-Monthan Domestic Meets or exceeds health and environmental
Use standards. Inadequate use demand to

satisfy remedial action goals*

Tucson Domestic Use

Recharge by
Percolation

Recharge by
Recharge Wells

Meets or exceeds health and environmental
standards*

Meets or exceeds health, standards, but
Inconsistent with local groundwater
management plans.

Meets or exceeds health and
environmental standards* Direct
recharge allows greater rate of ground-
water withdrawal, results In faster
cleanup.

37.3

29.7

7.5

24.7

31.3

26.8

High

High
t

Moderate

High

High
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lo Jolio. Colito-nio 92037
{6!9| 454.QI65

November 13, 1985

RECEIVED

NOVI31985
KARL S, LYU

Kr. Charles H. Alford
Environmental and Energy Programs
Aeronautical Systems Division
Wright-Patterson AFB
Dayton, Ohio 45433-6503

RE: Comments on 'Results of the Tucson Airport Area
Remedial Investigation Phase I", prepared by the
Arizona Department of Health Services________

Dear Mr. Alford:
Pursuant to your request, we have reviewed the final draft report

entitled 'Results of the Tucson Airport Area Remedial Investigation Phase
I", (Phase I Report), prepared by the Arizona Department of Health Services
(00HS) and their contractors. Because of the severe time constraints
Imposed on the USAF for subnittal of consents, we have only addressed the
najor concerns we have with respect to the Phase I Report. These comments
are necessarily preliminary. There are aany other factors which need
to be .discussed regarding the technical adequacy of the data collected, the
Interpretation and analysis of the data, and its presentation in the draft
report-In order to understand fully the technical shortcomings of the
Report and Its conclusions.

The comments presented below primarily address three broad areas: (1)
unsubstantiated conclusions or conclusions contradicted by the facts
presented 1n Volume I of the Phase I Report regarding the extent of
contamination emanating from AFP 44; (2} Inadequacies and inconsistencies of
the potential source investigation reported and analyzed in Volumes I and
HI of the Phase I Report; and, (3) the inability of the "scenario two"
computer aodel projections to reproduce actual observed conditions, and the
Inconsistency between the "scenario one* model projections and the
conclusions reached in Volume I.

Phoe«>» ott.ce • Taejon oHce:
2222 S=.~ Drtsicr Rose 5u.i« «01 1735 Eos- For û .i! RSSc $-••« 5
Mesi, A'j;-,; £5202 TJCSCP,. AMCPC 85719
{602S 345-085= (602) 881 -7300



HARGIS + ASSOCIATES, INC.

Mr. Charles H. Alford
November 13, 1985

2

As you know, the Phase I Report and Volume I 1n particular, suggest
that AFP 44 1s the sole source of the majority of the groundwater
contamination occurring 1n the vicinity of.the Tucson International Airport |
(TIA). Based on our four years of study In this area, It Is my professional j
opinion that the ADHS Report overestimates the extent of contamination which
was actually caused by past disposal practices at AFP 44. It 1s also my
professional opinion that the major conclusions presented In the ADHS Phase
I Report are Incorrect, or at best unsubstantiated, and In many cases are
contradicted by the facts. "

A. The Longitudinal Axis Theory . • • '.

The Volume I - Summary Report prepared by Schmidt suggests that AFP 44
1s the source of the majority of groundwater contamination In the TIA, and
that "The distribution of TCE In the upper and undivided aquifers 1s
related to subsurface geologic conditions, the present direction of
groundwater flow, and the permeability of the coarse-grained deposits* (page
76}. In fact, Volume I hypothesizes that "unique hydrogeologlc conditions*
exist"In a narrow zone In the upper regional aquifer referred to throughout
the Phase I Report as the so-called "longitudinal axis* of the plume. The
Report suggests that the geologic conditions along this so-called
longitudinal axis alone are responsible for extensive distribution of
contaminants 1n the upper regional aquifer, and basically dismisses the
Impact on aquifer conditions of other potential sources located north of AFP
44. Inspection of the data presented on Plate 9, however, clearly Indicates
that the location and nature of sources north of AFP 44 are Important
factors in determining the distribution of contaminants 1n the groundwater
system. The data, In fact, contradicts the existence of the so-called,
longitudinal axis and the claimed extent of contamination north of Los.
Reales Road caused by AFP 44.
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Mr. Charles H. AT ford
November 13, 1985
Page 3

For example, Plate 9 presents concentrations of TCE contoured for the
upper and undivided aquifers based on data collected from won1tor wells
north of AFP 44 during the period September through December 1984. These
contours are drawn without regard for the location of potential sources
north of AFP 44 in the Airport area. Notwithstanding the fact that the
drafters of this Plate were not confident enough 1n their conclusions to
draw a 100 parts per billion (ppb) or 50 ppb TCE contour through the
one-oil e wide area lying between the northern boundary of AFP 44 and Los
Reales Road, the implication of Plate 9 and the clear suggestion of the text
of the Phase I Report are that these contours should extend to AFP 44.

However, data presented on Plate 9 Indicate that the 100 ppb contour of
TCE. emanating from AFP 44 does not extend'north of monitor well TAS-2, and •
that the 100 ppb contour emanating from other potential sources north of the
plant does not extend south of monitor well TAS-5.

As toted above, however, the contours of TCE concentration presented
on Plate 9 Imply that there 1s a zone of groundwater containing TCE
concentrations greater than 100 ppb that is about 500 feet wide extending
from the vicinity of the northern boundary of the plant to just south of
Valencia Road. While the hydrogeologic conditions that would account for
this distribution of TCE are not presented, the Phase I Report contends that
the high concentration contours could possibly be extended to AFP 44 based
on the "unique hydrogeologlc conditions" in the so-called "longitudinal
axis." tot only do the measured TCE levels from monitor wells constructed
throughout the one-mile area between the northwest corner of AFP 44 and Los
Reales load contradict this hypothesis, but the actual geologic data
collected during the drilling of monitoring wells throughout this area
indicate that there are no "unique hydrogeologic conditions" that might
result {• the narrow zone of high TCE concentration as depicted on Plate 9.
Inspection of lithologic data from monitor wells constructed In the area is
instructive. There are, for example, three monitoring wells located in
approximrtely the Middle of this hypothetical zone of high TCE
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concentration, I.e., along the so-called "longitudinal axis": Monitor well
M-36, located Just west of the Intersection of Los Reales Road and the Old
Nogales highway, with t concentration of 300 ug/1 TCE; Monitor well SF-7
located about 3,000 feet northwest of well M-36, with a concentration of 220
ug/1 TCE; and Monitor well HR-56C located about 1,000 feet north-northwest
of Monitor well SF-7, with a TCE concentration of about 170 ug/1.
Examination of Hthologlc logs compiled during drilling of these nonltor
wells Indicate a typical sequence of alluvial basin deposits consisting of
an Interbedded sequence of sandy clay, clayey sand, clay, gravelly sand, and^
sandy gravel. This llthology is typical of most Monitoring wells
constructed in the vicinity of the Tucson airport, and Is not remarkably
different from the llthology of other Monitor wells located outside of the

* hypothetical zone of high TCE concentration. .

A subsurface geologic cross-section Is presented as Plate 3, which
extends from Monitoring well M-12 located 1n the northwest corner of AFP 44
to Monitor well SF-6, which is located approximately 4 Miles north of AFP 44
near Irvington Road. Monitor wells M-3G, SF-7, and WR-56C are included on
this cross-section, as are other Monitor wells that are located outside of
the hypothetical narrow zone of high TCE concentrations. Llthologlc logs
for Monitor wells located outside the hypothetical narrow zone of high
concentrations Indicate geology- similar to the three Monitoring wells
located within the zone. For example, Monitor well SF-4 1s located south of
Monitor well SF-7 and Is outside the area of high TCE concentrations. The
geologic cross-section presented on Plate 3 Indicates that the geologic
conditions encountered at Monitor well SF-4 are similar to conditions
encountered at Monitor well SF-7. Llthologlc data presented on Plate 3
Indicate about 16 feet of saturated sand and gravel in Monitor well SF-7 and
about 18 feet of saturated sand and gravel 1n the upper zone of Monitor well
SF-4.

Monitor well M-36 Is also located in the hypothetical zone of high TCE
concentration, as 1s Monitor well TAS-5, located about 1,000 feet south of
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•onitor well M-36 outside of the zone of high TCE concentration. Lithologic
data presented on Plate 3 for these two aonitor wells Indicate similar
lithologic conditions were encountered in both wells. Uthologlc data
presented on Plate 3 Indicates about 13 feet of saturated sand and gravel in
•onltor well H-36, and about 9 feet of saturated sand and gravel in wmitor
well TAS-5.

Lithologlc data from all five of these Bonitor wells Indicate stellar
geologic conditions. In addition, lithologic data obtained from other
Bonitor wells constructed north of AFP 44 and south of Los Reales Road*
Indicate hydrogeologlc conditions similar to the three uonitor wells located
in the hypothetical area of high concentration. The lithologic data .
collected for iwnUor wells in this area do not indicate any unique,
hydrogeologic conditions which Bight rationally explain a continuous narrow
zone of high TCE concentrations extending from AFP 44 to the area north of
Los Reales Road.

Contours of equal TCE concentration presented on Plate 9 are
inconsistent with the water quality data presented in the Volume I - Stannary
Report. Hater quality data from samples collected in Bonitor wells south of
Bonitor well K-3S and north of the AFP 44 property boundary {an area
approxiBitely one Bile wide) indicate that the concentration of TCE in the
groundwater is less than 50 ug/1 in the area wes.t of Old Kogales Highway.
Mater quality data collected in aonitor well TAS-5, TAS-4 and TAS-1 indicate
TCE concentrations of 47, 30, and 43 ug/1 TCE, respectively. These data
indicate the the 50 and 100 ug/1 contours of equal TCE concentration drawn
but not completed on Plate 9 do not extend south of aonitor well TAS-5, and
cannot fce extended further south to AFP 44.

Moreover, the measured concentration of other principal contaminants
other tkan TCE found in the TIA irea are also inconsistent with the Phase I
Report's iBplications that AFP 44 is a aajor source of contamination in the
area north of Los Reales Road. Contours of equal chromium concentration in
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groundwater presented on Plate 8, for example, »re also Inconsistent with
water quality data presented In the Volume I-Summary Report. As is the
case with TCE, the drafters of Plate 8 have again not drawn the purported
contours for chromium In the area between the northern boundary of AFP 44
and Los Reales Road. Hater quality data from samples collected in monitor
wells located south of well M-36 show that the concentration of chromium in
groundwater is 0.01 mg/1 or less in the area west of the Old Hogales
Highway. These data indicate that the 0.04 *g/l contour does not extend
south of Monitor well H-36. Because chromium was not detected in monitor
well TAS-5 and M-34, the 0.03, 0.02, 0.01 mg/1 contours of equal chromium*
concentration depicted on or suggested by Plate 8 cannot be extended south
of monitor well TAS-5. . .

Additional water quality data partially discussed in the Volume I -
Summary Report provide further clarification of the distribution and
potential sources of contaminants in the groundwater system. For example,
Table 15 1n the Volume I - Summary Report indicates that chloroform was
detected at concentrations ranging from 4 to 54 ug/1 in groundwater samples
colUcted from awnitoring wells located north of Los Reales Road. Data
presented in Table 15 also Indicate that chloroform was not detected in
groundwaler samples collected from monitoring wells located south of Los
Reales Road and north of AFP 44. These data indicate that contaminated
groundwater south of Los Reales Road originated from different sources than
contaminated groundwater north of Los Reales Road.

Similarly, data presented in Table 14 of the Volume I - Summary Report
indicate that concentrations of 1,2-trans-dichloroethylene (1,2-trans-DCE)
were detected at concentrations ranging from 2 to 13 ug/1 in groundwater
samples collected from monitoring wells constructed north of Los Reales
Road. Data presented in Table 14 also Indicate that 1,2-trtns-dichloro-
ethylene was not detected in groundwater samples from monitoring wells
constructed south of Los Reales Road and north of AFP 44. These data also
indicate that contaminated groundwater south of Los Reales Road originated
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from different sources than contaminated groundwater north of Los Reales
Road.

In addition, water quality data presented in table 13 indicate that
concentrations of 1,1-dichloroethylene (DCl) in water samples collected from
awnitoring wells constructed north of Los Relies Road ranged from 2 to
23 ug/1. Data presented in Table 23 also indicate that concentrations of
DCE in groundwater samples collected from vonitoring wells located south of I
Los Reales Road ranged from 4 to 7 ug/1. These data indicate decreasing^
concentrations of DCE north of the AFP 44 plant boundary and south of Los *
Reales Road, and increasing concentrations of DCE north of Los Reales Road.
This data also Indicates that contaminated groundwater south of Los Reales
road originated frow different sources than contaminated groundwater north •
of Los Reales Road.

In summary, Volume I of the Phase I Report suggests that AFP 44
•appears" to be responsible for uost of the TCE plume extending from AFP 44
northward to Irvlngton Road, The Report associates this widespread
distribution to "unique hydrogeologie conditions" along the so-called
"longitudinal axis* of the plume.

This theory of "unique hydrogeologic conditions" is not supported by
the data collected in the area. First, there is no geologic data to support
the hypothesis that "unique hydrogeologic conditions" account for high
concentrations in a narrow zone extending from AFP 44 into the area north of
Los Reales Road. Lithologic logs for wells drilled throughout the T1A area
do not Indicate the existence of such a zone. In fact. Plates 8 and 9 of
the Voluac X Report acknowledges this by indicating that tha narrow zone or
"longitudinal axis" is located between monitor wells TAS-4 and H-34.
Attempting to prove the theory through Implications based on an acknowledged
lack of *tta to substantiate the hypothesis is a very questionable form of
analysis.
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Here Important, however, Is the fact that llthologlc Togs for the wells
which the Phase I Report acknowledge as being constructed along the
"longitudinal axis" 1n fact contradict the hypothesis. For example, wells
HR-56C, SF-7, and H-36 are depicted as being squarely within the narrow zone
of high concentration for TCE *nd chromium on Plates 8 and 9. The
lithologlc logs for these wells, however, are not substantially different
from the lithologlc logs for monitor wells which are located at varying
distances east and west of the so-called 'longitudinal axis.* The
similarity of llthologles encountered 1n wells claimed to be on the
•longitudinal axis" and those claimed not to be on the "longitudinal axis"*
Indicates that the distribution and concentration of TCE In the upper
aquifer cannot, as the Phase I Report suggests, be explained on the basis of
"unique hydrogeoldgfc conditions" and a single source area at AFP 44. . .

Second, the purported narrow zone of high concentrations Indicated by
Isoconcentratlon contours drawn on Plates 8 and 9 for chromium and TCE are
not consistent with the concentrations actually measured In monitor wells.
It 1s also worth noting that the Isoconcentratlon contours on Plates 8 and 9
are -not even drawn In the one-mile area south of Los Reales Road and north
of AFP 44.

The water quality data obtained from the monitor wells In the one -mile
area south of Los Reales Road and north of AFP 44 would contradict the
extension of the Isoconcentratlon contours from the area north of Los Reales

• Road southward to AFP 44. The measured concentrations of TCE and chromium
obtained from wells located south of Los Reales Road simply do not support
the conclusion that AFP 44 Is the predominant source of groundwater
contamination In the area north of Los Reales Road.
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B. Investigation of Potential Sources

As discussed above, the Phase 1 Report's conclusion that AFP 44 1s the
predominant source of groundwater contamination north of Los Reales Road is
based on an interpretation that is either unsupported or contradicted by the
facts. The other major problems Kith this conclusion are: (1) the analysis
presented in Volume I disregards the conclusions contained fn the Volume III
source investigation report with respect to sources located north of AFP 44,
and (2) the actual investigation of other sources north of AFP 44 appears
to be inadequate, and the analysis of the data is suspect.

1. Volume ! Analysis:
Schmidt's evaluation of other sources north, of

dismisses important sources of groundwater contamination,
examples illustrate this point.

AFP 44
Several

*« TA& yandfilli In Volume III, Rampe reports that TCE Mas used
by Grand Central Aircraft Company, which occupied the TAA hangars
from 1950-1954. Waste TCE was disposed of in the TAA Landfill
(located north of AFP 44, but south of Los Reales Road on TAA
property) "which may have received as «uch as 2,400 gallons of TCE
per year according to a reliable witness." Based on the estimates
of the "reliable witness", 4,800 to §,600 gallons of TCE may have
been disposed of in the TAA Landfill by Grand Central Aircraft
from 1950-1954. Analytic results for soil samples taken at 60 to
90 foot depths Indicated trace levels,of TCE in deep soils beneath
the landfill. Rampe concluded that the TAA landfill should be
considered a source of groundwater contamination.

Both Rampe and Schmidt, however, attempt to discount the TAA
landfill as a source of TCE contamination. While acknowledging
that the absence of TCE from shallow soils in the landfill could
simply reflect the Fact that TCE disposed of 31 years ago would
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have already Migrated through shallow soils, Schmidt concludes
that the traces of TCE at depth In soils do not provide
unequivocal evidence of the TAA's having been a source of ICE
contamination to groundwater. Alternatively, Rampe suggests that I
the TCE data could Indicate that these soils could have come Into "
contact with groundwater contaminated by TCE from another source
upgradient.

Schroldt concludes that the absence of TCE from nonitor well
M-34 In 1984 which is located Immediately downgradlent of the "
landfill, casts substantial doubt upon the TAA Landfill as having
been an Important source of groundwater contamination. ,
•[Experience with other sources In similar hydrogeologic .
settings,* apparently confirm this conclusion.

Rampe's alternative theory to explain the presence of TCE in
deep soils beneath the TAA landfill Is Interesting, but is
certainly a remote possibility in light of the fact that there are
no recorded historic water levels which would explain the presence
of TCE at a depth of 60 feet. Schmidt's reliance on H-34 to 'cast
substantial doubt" on the landfill as a significant source of TCE
contamination is questionable. Water quality data collected in a
•onltor well adjacent to a source that was active 31 years ago may
not conclusively demonstrate that the landfill was not a source of
contamination. Data from wells downgradlent of the potential
source should also be considered.

Hells M-36 and TAS-S, for example, are located downgradient
of the TAA Landfill. These wells contained high concentrations of
TCE in December 1984 - 300 ppb and 47 ppb, respectively. Instead
of assessing the relevance of these concentrations with respect to
the TAA Landfill, the Phase I Report attempts to associate these
contaminant levels with AFP 44, based on the hypothetical
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•longitudinal axis" theory. In short, this Phase I Report
attempts to explain way data concerning the TAA Landfill In order
to advance an unsupported alternate theory of contaminant origin
and Migration.

Hanoars: In the Volume III evaluation of potential
sources, Rampe concludes that the hangar area 1s a possible source
of groundwater contamination. This conclusion 1s based on
documentation of TCE and chromium use in section 3007 responses,
fron eyewitness accounts of solvent use and disposal, and from the *
detection of TCE, DCE and chromium in soil samples. Data from
soil samples collected by ADHS near the Tucson Airport hangar
areas are presented in Table. 4 of the Volume 11 1 report. SoiT ,
boring No. 2 was drilled west of Old Hogales Highway along the
historic wastewater flow path froa the hangar area. Trace
concentrations of TCE, 16ug/l of DCE, and 10 ug/1 of chromium
•ere detected in soils from this borehole. Despite these
concentrations, deeper soil samples were not collected and a
•onitor well was not constructed at this location. Similarly,
soil boring Ho. 3 was drilled Just northwest of the hangar area at
the entrance to the industrial center. Soil samples from this
boring contained S ug/1 TCE, 281 ug/1 OCE, and 142 »g/l chromium.
These are the highest concentrations of DCE and chromium ever
detected in soil samples taken anywhere in the entire airport
area, including AFP 44. Nevertheless, soil samples were not
collected from depths greater than 20 feet, and a monitor well was
not constructed at this location.

Despite the data collected from the shallow soils in these
areas which strongly suggests the need for further investigation,
Volume I of the Phase 1 Report dismisses the hangars as a
potential source of TCE contamination based on the fact that
"disposal of TCE in the TAA Hangar areas has not been documented,
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and no significant TCE was found to the northwest at the HR-54
set of monitor wells." Although the source investigation may not
have documented TCE disposal, TCE is certainly present in soils in
this area. Data from the wR-54 wells alone are not sufficient to
dismiss this trea as a TCE source for the same reasons discussed
In the above section on the TAA Landfill.

The conclusion in the Volume I - Summary Report that TCE
concentrations in groundwater from the TAA hangar area source
appear to be less than 50 ppb has no basis in the data presented
in Volume I or in Volume III. Rampe describes historical
operations at the TAA hangar area including careless wastewater
handling practices and accounts of run off from the hangar area,
crossing the Old Nogales Highway through culverts, and emptying
into an open wash adjacent to a residential area. Lawsuits were
filed due to the pollution of domestic wells from the run off.
Based on the location of drainages both north and south of the
hangar area, and groundwater flowpaths from these drainages, high
TCE concentrations measured north of Los Reales Road may have
originated from the hangar area sources.

c. Fire Prill Areas: Data collected at three fire-drill
training areas in the TIA area were evaluated by Rampe. Volume
III concludes that the data indicate that the fire-drill training
area near the runway in Section. 19 does not appear to be a
significant source of TCE to the groundwater. Soil borings
drilled by ADHS near the fire-drill training area south of the
runway in Section 19 indicated trace concentrations of TCE, DCE
and 8.2 mg/1 of chromium. Subsequent shallow soil borings drilled
1n the area by ADHS detected no TCE or DCE. Monitor well TAS-3,
however, is located approximately 1,500 feet west and downgradient
of the former fire-drill training area in Section 19, and
groundwater samples collected from this well indicate
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concentrations of 93 ug/1 TCE. TCE detected in Monitor well
TAS-3 «ay have originated from disposal activity at the former
fire-drill training area, from run off leaving the area, or from
other activities In the area. In any event, the nature of this •
potential source has not been thoroughly evaluated and cannot be *
disregarded.

A soil boring drilled by ADHS in the area of the current
fire-drill training area in Section 20 indicated 721 ug/1 TCE and
155 ug/1 of DCE. This data Is presented in Table 5 in the Volume*
III report. These TCE concentrations represent the highest
.concentrations of TCE measured in a soil sample in the airport
area. Ranipe states, however, that '...the fire pits hear runway.'
29 are probably located too far east to contribute contaninants
to the Bain plume,* and attributes this conclusion to Schmidt.
Schoidt's conclusion is based on the observation that the current
fire-drill training area 1s located about 10,500 feet east via
groundwater flow paths from the *«ain plume.* Nevertheless, Rampe.
states that '...the extent of groundwater contamination, if any,
emanating from the fire-drill areas near runway 29 is unknown, due

. • to the lack of wells in the iranediate vicinity.* Obviously, a
potential source cannot be discounted, because there is no
groundwater quality data in the area. Similarly, Schmidt
concludes that "...hydrogeologic conditions in the
vicinity...* indicate that "...pollutants from this facility would
not be expected to have reached the Old Nogales Highway.* Schmidt
then concludes that the fire-drill training area is therefore not
a source of TCE pollution in the rain plume. If there are no
•onitor wells in the area, and if no water quality data has been
collected, then one Bust question the author's knowledge.- of
"hydrogeologlc conditions in the vicinity" of the firenirilT

groundwater samples collected from this well indicate
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2. Investigation of Oth^r Sources:
The fact that the conclusions presented in the Volume III -

Source Evaluation are not adequately discussed in the Volume I -
Summary Report is compounded by. the apparent Inadequacy of the
source investigation itself. Potential sources are eliminated
based on soil sample analyses from one soil boring, from
walk-through and drive-by "inspections* conducted in the early
1980's, from the lack of witnesses to disposal activities, and
from Inappropriate analyses of existing data. Standing and
running water observed in historical aerial photographs is*
considered indicative of a potential source in some cases, but not
in others.

Interestingly enough, Rampe states on page 14 of Volume III that:

"The absence of contaminants in such «edia [shallow
soils and perched groundwater] does not conclusively
Indicate that disposal did not occur, however, since
chemicals can be flushed away or degrade over the long
periods of tine considered in this study."

•n*

1 He then contradicts his own statement by dismissing drainage
channels north of the hangar area as potential sources of
contamination based on analyses of shallow soil samples. These
drainage channels from fiates Learjet and the Runway 3 area are not
considered further based on results of analyses of soil samples
from one soil" boring. The old fire-drill area now covered by a
Gates Learjet parking lot is also dismissed as a potential
source based on analyses of soil samples,. Several examples will
further Illustrate my concerns.

A waste disposal area near the end of Runway 3 could not be
located by ADHS from available aerial photographs, yet this
potential" source was eliminated from further consideration based
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I
Oft the lack of volatile organic contaminants in "...shallow soil I
samples from the area.* If the location of the site was not
known, how could the results of analyses of soil samples be
expected to yield any Meaningful data?

Sates Lear jet, Inc. has operated a facility south of Los
Re ales Road and north of AFP 44 from 1976 to the present.
Activities have Included airplane assembly, instrument panel
assembly, and aircraft surface preparation and painting. This
facility was dismissed as a potential source based on a*
walk-through Inspection of the facility by EPA in 1983. "The
results of this inspection characterized this as an 'extremely
clean' facility1 Mo improper waste disposal practices were,
documented...The inspection team recosraended that no further,
investigation be conducted at the facility." No documentation was
presented regarding waste handling and disposal practices between
1978 and 1983.

The Volume JH - Source Investigation analysis relies heavily
on the interpretation of aerial photographs. Standing and running
water observed in aerial photographs is used to indicate a
potential source of contamination in the case of AFP 44, but not
in the cases of Consolidated Aircraft Company or Douglas Aircraft
Company during their occupancy of the TAA hangars,

Rampe states that aerial photographs provided considerable
insight into the relative quantities of wastewater disposed "as
judged from phreatophyte growth." The validity of this judgment
1s questionable. How does one separate the phreatophytlc growth
in natural drainages due to rainfall and run off from the
phreatophytlc growth due to wastewater runoff? The criteria used
in this exercise are not presented.



HARGIS + ASSOCIATES. INC. J Q )

Mr. Charles H. Alford
November 13, 1985
Page 16

Vest-Cap Arizona Is an electronics Manufacturing firm which
has been located near the corner of Plumer Avenue and Elvira Road
since 1963. The firm estimated annual TCE use at 2,000 gallons
annually In 1980 and 1981. Rampe concludes that "...It appears
likely that TCE has been used at Vest-Cap since 1963." A floor
drain In a building at the southwestern corner of the facility
received unknown quantities of waste TCE. The eventual outfall of
this drain was not determined by the ADHS Investigation. Rampe
concludes that Vest-Cap Is a possible source of TCE to the
groundwater, and that more monitor wells are needed to assess the
groundwater quality In the area.

The.Burr-Brown facility has been located about 1,000 feet
north of the Vest-Cap facility since 1965. Rampe reports the
potential for disposal of hazardous materials, Including TCE, down
an abandoned well prior to 1976. Rampe concludes that Burr-Brown
should be considered a highly probable source of 'local'
groundwater contamination. No data Is presented for the
conclusion that the potential disposal of TCE down a wellbore from
1965 to 1976 would constitute a source of '..local groundwater
contamination 1n 1984.' There Is. no data to support a conclusion
of 'local* groundwater contamination.

The net result of the source Investigation 1s that a number
of significant sources north of AFP 44 are discounted on the basis
of specious logic or Inadequate Investigations. On the other
hand, the contributions of AFP 44 sources to groundwater
contamination appear to be grossly overstated. If not Inaccurately
reported.

In that regard, I am particularly concerned by the
conclusions that the northwest corner of AFP 44 1s described as a
significant source of TCE contamination based on the purported TCE
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concentrations In historic industrial wastewater discharges from I
the Plant. I «n unaware of any evidence which supports this
contention, and strongly reeoaroend review of this issue with
reference to the JRB Phase I IRP report.

C. Computer Modeling

A two dimensional digital groundwater flow aodel coupled with a
contaminant transport nodel was used to s1nutate conditions In the upper *
aquifer. These studies were conducted by the Arizona Department of Mater
Resources, and are presented in a separate report entitled "Contaminant
Transport Modeling." - '.

Two scenarios were simulated. The first scenario assumed that TCE in
groundwater north of Los Reales Road originated from the TAA Hangar area.
The total volume of TCE in the plume north of Los Reales Road was calculated
using Harch 1984 TCE concentrations. Schaidt*s analysis of the aiodeling
results for the first scenario conclude that the «odeled TCE concentrations
agreed closely with observed concentrations at AFP 44, but deviate from
observed cncentrations by more than '...an order of nagnitude in the area
innediately downgradient...of the facility.' Schmidt does not discuss
possible reasons for this variation from observed values in the downgradient
area, the «wst probable of which could be the fact that all of the TCE in
groundwater south of Los Reales Road does not originate from AFP 44.
Potential source areas ignored in the nodeling study include the TAA
landfill located about 1/2 *ile south of Los Reales Road on Old fiogales
Highway, and the fire-drill training areas and washes along the runways east
of Old Hogales Highway and north of AFP 44. If these sources are
considered, then results of node!ing in scenario one suggest that the one
ppb isocentration contour for TCE originating from AFP 44 is located several
hundred feet south of Los Reales Road as of September 1984. The anomalous
concentrations of TCE in groundwater south of Los Reales Road and north of
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AFP 44 are probably the result of other contaminant sources. This factor
is not discussed in the Schmldt report. Inspection of the scenario one
modeling results presented in Figure 28 of the ADWR Report indicates good
agreement between measured and sinulated TCE concentrations at AFP 44
extending northward toward Los Reales Road. Anomalous Measured
concentrations of TCE Measured 1n Monitor wells TAS-5 and H-36 are both
downgradient of other potential sources in the Airport area. If a portion
of the TCE In groundwater south of Los Reales Road originates from other
sources such as the TAA landfill, then simulation of the plume downgradient
of AFP 44 night indicate much better agreement with Measured TCE"
concentrations in groundwater extending northward from the area of Monitor
well TAS-5. Introduction of contaminants into the groundwater system from
these other sources was not attempted in the Modeling studies.

The second scenario in the Modeling effort assumed wastewater recharge
to the aquifer system in the northwest corner of AFP 44, and elimination of
the TAA hangar area as a source. This Is contrary to the conclusions
reached by Rampe in the Volume III Report of source evaluations, and .
contrary to Schnidt's own conclusion as to the existence of other sources in
the Airport area. In the second Modeling scenario, the TCE in the plume
north of Los Reales Road was assumed to enter the groundwater uniformly with
this additional recharge. This is not a realistic assumption. Although no
documentation is available on the volume of TCE used with time either at AFP
44 or in the TAA hangar area, it is most improbable that TCE In wastewater
was discharged to the land surface at a uniform rate. Comparison of the
results of the second scenario with results of the first scenario indicate
that TCE In groundwater north of Los Reales Road did not originate from
wastewater Infiltrating into the aquifer system at the northwest comer of
AFP 44. Concentrations as great as 77 ug/1 TCE are located north of the 1
ug/1 isocentratlon contour. In addition, Measured concentrations ranging
from 43 to 80 ug/1 TCE lie In the area between the 1 and 10 ug/1
Isocentration contours. Furthermore, the 270 ug/1 TCE Measured 1n Monitor
well H-36, located just south of Los Reales Road and east of the Old Nogales
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Highway, lies between the 10 tnd 100 ug/1 isocentration contour. Results I
of the second scenario simulation also indicate that the 100 ug/1
isocentration contour emanating from AFP 44 does not extend west of the Old
Nogales Highway.

It is clear from the results of the two modeling scenarios that the
introduction of additional contaminant sources in the TAA hangar area are
required in order to produce TCE concentrations in the groundwater north of
Los Reales Road that reasonably simulate the observed concentrations.
Although little is known about volumes or rates of disposal, there is *
adequate information about location of potential sources to provide a
framework for modeling. There is also a range of reasonable volumes of
material disposed that' has aot.been considered in the analysis of the ,
modeling results. Results of the modeling indicate that the observed
concentrations and distribution of TCE in the groundwater north of Los
Reales Road are not consistent with the theory of a single source at
AFP 44. The modeling results demonstrate that additional sources are
required north of AFP 44 to reasonably simulate the observed concentration
and distribution of TCE in groundwater north of AFP 44.

D. Summary

As discussed above, there are very significant questions about the
technical basis and adequacy of the Phase I Investigation and Report. Hot
all issues are discussed here because of the time constraints Imposed and
these comments are far less than the page by page review which is clearly
warranted. In overview, the Phase I effort does not alter any of our prior
conclusions with respect to the extent of contaminant migration from AFP 44.
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I strongly reconnend that a «eet1ng with the Phase I Report staff be
held 1n order to discuss completely all of our concerns about the accuracy
and adequacy of this investigation and analysis.

Sincerely,
HARGIS + ASSOCIATES, INC.

Dr. David R. Hargls
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I. INTRODUCTION

United States Air Force Plant No. 44 ("AFP 44") is

a U.S. government-owned, contractor-operated defense systems

manufacturing facility located in Tucson, Arizona, in the

general vicinity of the Tucson International Airport

("TIA"}. AFP 44 is operated for the United States Air Force

("USAF") by the Hughes Aircraft Company ("Hughes"), and has

been producing defense systems for the United States Armed

Forces since 1951.

In response to a concern that industrial activ-

ities may have degraded groundwater quality in the vicinity

of the TIA, EPA conducted a preliminary investigation of

groundwater conditions in early 1981 which indicated the

presence of contaminants in groundwater beneath the facil-

ity. In light of this discovery, the USAF and Hughes initi-

ated an extensive review of historic waste handling

practices and environmental investigations at AFP 44 in 1981

to determine whether contamination may have been caused by

hazardous waste handling practices employed at the facility.

Since 1981, several major investigations of soil

and groundwater conditions have been completed. A ground-

water quality monitoring program was also initiated in 1981

which has been on-going since then. That program is now

comprised of 103 on-site and off-site groundwater quality



monitoring wells which have been sampled and analyzed regu-

larly during the past four years. Also, a number of analyt-

ic studies have been performed to identify feasible methods

of remediating groundwater contamination, including the

field testing of a pilot groundwater reclamation project at

AFP 44.

The prior investigations, the results of which are

summarized in subsequent sections of this document and pre-

sented in detail in separate supporting documentation, dem-

onstrate .that hazardous waste handling practices employed at

AFP 44 prior to the commencement of operations at the facil-

ity's present zero-discharge industrial wastewater treatment

plant ("IWWTP") in 1977 resulted in groundwater contam-

ination beneath the facility, notwithstanding the fact that

these pre-1977 practices had been coordinated with various

environmental agencies and were regarded as the best

accepted practices of their day. Over time, this contam-

ination has migrated (primarily in the upper zone of the

regional aquifer) in a northwesterly direction beyond the

facility's northern boundary. The "plume" of contaminated

groundwater emanating from AFP 44 is believed to terminate

in the vicinity of Los Reales Road. The investigations and

other continuing monitoring programs performed as part of

the IWWTP operations have also demonstrated that operations



at the facility since 1977 have not caused or contributed to

groundwater contamination beneath AFP 44.

In light of this evidence, appropriate remedial

alternatives need to be evaluated for possible implementa-

tion at and in the vicinity of AFP 44 to mitigate that

groundwater contamination which was caused by pre-1977 waste

handling practices. Under Section 104 of the Comprehensive

Environmental Response, Compensation and Liability Act of

1980, 42 U.S.C. § 9604, the President is authorised to

respond to such releases of hazardous wastes into the envi-

ronment, and has delegated the responsibility and authority

for conducting remedial investigations and for identifying

and implementing responses to releases from Department of

Defense (DOD) facilities to the DOD (Executive Order 12316).

DOD facilities include government-owned, contractor-operated

facilities such as AFP 44. (Memorandum Of Understanding

Between The Department of Defense And The Environmental Pro-

tection Agency For The Implementation Of P. L. 96-510

(CERCLA), August 12, 1983).

Pursuant to these laws, delegations and agree-

ments, the USAF's authority and responsibility for response

action is limited to releases from AFP 44, and does not

extend to contamination not caused by AFP 44. In recogni-

tion of this limitation, and based upon the evidence that
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the extent of AFP 44 contamination terminated in the vicini-

ty of Los Reales Road, it was decided in 1983 by all rele-

vant agencies that investigations of groundwater

contamination north of Los Reales Road would be conducted

under the auspices of EPA Region IX which has the delegated

authority for responding to releases of hazardous substances

in that area.

Accordingly, this draft RAP summarizes the results

of prior investigations and studies, and analyzes remedial

alternatives that may be appropriate for responding to envi-

ronmental conditions south of Los Reales Road known to have

been caused by past operations at AFP 44. The purpose of

this analysis is to ensure that any remedial action imple-

mented at AFP 44 provides for a timely and cost-effective

program which is consistent with a permanent remedy to miti-

gate the migration of hazardous wastes into the environment

caused by pre-1977 handling practices at AFP 44, and which

otherwise complies with the requirements of the Comprehen-

sive Environmental Response, Compensation and Liability Act

of 1980, 42 U.S.C. § 9601 et seq., Executive Orders 12088

and 12316, the National Contingency Plan, 40 C.F.R. Part 300

("NCP"), the National Environmental Policy Act, 42 U.S.C.

§ 4321 e_t seq. , and, to the maximum degree possible, the

substantive standards of other relevant federal, state or
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local environmental laws and regulations. The draft RAP

will be finalized subsequent to the receipt of public com-

ments which will be summarized, responded to and made part

of the final RAP.

The USAF wishes at the outset to recognize the

valuable assistance of the many agencies which have aided in

the development of this analysis. In particular, we

acknowledge the contribution of the members of the AFP 44

Technical Review Committee ("TRC") - consisting of the

Arizona Department of Health Services ("ADHS"), the Arizona

Department of Water Resources ("ADWR"), the City of Tucson

and EPA, Region IX - whose advice and comment on earlier

drafts of this remedial alternatives analysis have signif-

icantly aided in the identification of the proposed remedial

alternative for AFP 44. Notwithstanding that assistance,

however, the conclusions contained herein are solely those

of the USAF.
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II. SUMMARY OF PRIOR INVESTIGATIVE EFFORTS. ANALYSES AND

STUDIES

The United States Environmental Protection Agency,

Region IX, commenced a preliminary investigation of environ-

mental conditions at AFP 44 in 1981. The EPA gathered

information concerning historic waste handling practices at

the facility, and conducted a site visit on March 5, 1981.

A limited number of water samples were taken from existing

on-site wells, analyses of which indicated the presence of

trichlorqethylene ("TCE"), 1,1,1-trichloroethane ("TCA"),

1,1-dichloroethylene ("DCE") and chromium in groundwater

beneath AFP 44, together with lesser amounts of other con-

taminants .

A Phase I investigation of environmental condi-

tions at AFP 44 was commenced in early 1981 (Hargis &

Montgomery, 1982) which included extensive research on past

waste handling practices at the facility, soil sample ana-

lyses in former waste disposal areas, and the construction

of monitoring wells to determine ambient groundwater quali-

ty. The results of the Phase I investigation indicated the

presence of contaminants in groundwater that could be asso-

ciated with past waste handling practice at the facility,

and recommended further investigations to define more com-

pletely the nature and extent of the groundwater contam-



ination. Consequently, a more expansive Phase II

investigation of hydrogeologic conditions was performed.

These two investigative programs included the

installation of 59 groundwater monitoring wells located in a

zone of perched water which is present beneath a portion of

AFP 44, and in the upper and lower zones of the regional

aquifer. Additional wells were constructed as part of a

continued groundwater monitoring program at and in the

vicinity of AFP 44. The entire groundwater monitoring sys-

tem presently consists of 103 groundwater monitoring wells.

The purpose of the continuing monitoring program was to sup-

plement and expand the data base gathered during the Phase I

and II investigations to provide detailed information for

use in the identification and design of actions to remedy

groundwater quality degradation caused by past waste handl-

ing practices at AFP 44.

In addition to the extensive groundwater field

investigations, appropriate response measures were performed

at several historical disposal sites at the facility which

had been identified as potential sources of the observed

groundwater contamination. (All potential sources at AFP 44

are described in detail in Installation Restoration Program,

Phase I - Records Search, Air Force Plant 44. Tucson,

Arizona (Science Applications International Corp., 1985)).
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For example, pre-1977 wastewater ponds and sludge drying

beds were excavated, backfilled with clean fill and capped

with caliche. It is probable that none of the historic dis-

posal areas continue to be active sources of groundwater

contamination. Also, certain on-site wells which provided

the potential for cross-contamination from the upper to the

lower zone of the regional aquifer were cemented and sealed.

Interim Emergency Measures, Cementing of Wells HAC-1, HAC-2

and HAC-4, U.S. Air Force Plant No. 44 (Hargis & Montgomery,

Inc., May 25, 1983).

In addition to the actual field investigations

performed at and in the vicinity of AFP 44 during the past

four years, the USAF developed a digital computer model to

simulate contaminant transport and groundwater flow in the

regional aquifer. This model has been used to assist in the

location of groundwater monitor wells and as a secondary

analytic tool for defining the nature and extent of ground-

water contamination emanating from AFP 44. Details of this

effort are described in Digital Simulation of Contaminant

Transport in the Regional .Aquifer System, U.S. Air Force

Plant No. 44, Tucson, Arizona (Hargis & Montgomery, Inc.,

October 11, 1982).

The results of these investigations, the continu-

ing groundwater monitoring program arid computer modeling

I
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efforts are fully presented in' the Phase I Investigation of

Subsurface Conditions in the Vicinity of Abandoned Waste

Disposal Sites, Hughes Aircraft Company Manufacturing Facil-

ity, Tucson, Arizona (Hargis & Montgomery, Inc., January 15,

1982), the Phase II Investigation of Subsurface Conditions

In the Vicinity of Abandoned Waste Disposal Sites, Hughes

Aircraft Company Manufacturing Facility, Tucsoni!_JA.rj.zona

(Hargis & Montgomery, Inc., March 12, 1982) (see Appendices

2 and 3), Summary of 1982 Hydroloaic Monitoring Program,

U.S. Jiir ,Force Plant Ho. 44, Tucson, Arizona (Hargis &

Montgomery, Inc., July 15, 1983), Summary of 1983 HydroJ-ogic

Monitoring Program, U.S. Air Force Plant No. 44, Tucson,

Arizona (Hargis & Montgomery, Inc., March 14, 1984), Summary

of 1984 Hydrologic Monitoring Program, U.S. Air Force Plant

No. 44, Tueson Arizona (Hargis & Associates, Inc., May 31,

1985), Digital Simulation of Contaminant Transport in the

Regional Aquifer System. U.S. Air Force Plant No. 44,

Tucson, Arizona (Hargis & Montgomery, Inc., October II,

1982) and Installation Restoration Program, Phase I -

Records Search, Air Force Plant 44. Tucson, Arizona (Science

Applications International Corp., 1985) (all incorporated by

reference).

As noted above, the USAF efforts at AFP 44 have

been paralleled by a coordinated investigative program con-



ducted by ADHS, ADWR, EPA, and the City of Tucson into

groundwater contamination and sources north of AFP 44. (The

TIA area has long been regarded as a vicinity which warrants

a highly prioritized remedial investigation, and is included

on the "Superfund" National Priorities List.) . All data,

information, analyses and reports developed by the USAF have

been provided to the Superfund Field Investigation Team

("FIT"), and the data collected by the FIT through 1983 have

been provided to the USAF.

The USAF analyzed the data and reports for areas

located north (and downgradient) of AFP 44 provided to it by

the Field Investigation Team ("FIT"). Based on these ana-

lyses and the prior conclusions of the FIT Team and AFP 44

TRC members, it is apparent that significant known and

potential historic sources of groundwater contamination

exist north of AFP 44. Included among the known or poten-

tial sources of groundwater contamination in the greater TIA

area downgradient of AFP 44, as identified by ADHS (1983),

Ecology & Environment, Inc. (1982 a,b) and the Pima County

Wastewater Management Department (1983), are: the TIA Run-

way 3 Dump; TAG (Tucson Aviation Center) Abandoned Disposal

Pond; TAG Drainage Channels; TAA Landfill; Gates Learjefc,

TAA Hanger and a variety of others. The USAF's analyses of

the FIT data are contained in: Evaluation of Data Collected

10
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by Tucson Groundwater Contamination Study Task __F_qrce_in_the

Vicinity of U.S. Air Force Plant No. 44. Tucson, Arizona

(Hargis & Montgomery, Inc., February 4, 1983); and Analysis

of Data Collected by Tucson Groundwater Contamination St udy

Task Force in the Vicinity of Tucson International Airport,

Tucson, Arizona(Hareis & Montgomery, Inc., June, 1984) (both

incorporated by reference).

Based on the data collected by the USAF, and the

USAF's analysis of the data previously collected by the FIT,

it was cqncluded in 1983 that the "plume" of contaminated

groundwater emanating from AFP 44 had not migrated north of

Los Reales Road. Other members of the AFP 44 TRC concurred

in this conclusion, as documented in the Final _CommunjL . t y

Religions L_Pl.a"i Tucson Airport Area Site, Tucson Arizona

(CH2M Hill, July 25, 1983). The approximate extent of the

AFP 44 contaminant plume in 1983, together with the ground-

water analytic results developed by the FIT investigations

north of AFP 44, are depicted in Figure 1.

During 1984, the USAF installed eleven new

off-site monitoring wells to confirm the extent of contam-

inant migration from AFP 44. Construction of Monitor Wells

M-29 Through M^3 9, U.S. Air Force Plant No. 44. Tucson,

{Hargis & Associates, Inc., October 16, 1984), A

number of other groundwater monitoring wells were also

11
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installed during 1983 and 1984. Construction of Monitor

Wells M-21 Through M-28, U.S. Air Force Plant No. 44,

Tucson, Arizona (Hargis & Montgomery, Inc., September 12,

1983); Construction of Perched Zone Monitoring Wells S-l

Through S-19, U.S. Air Force Plant No. 44, Tucson, Arizona

(Hargis & Associates, Inc., November 2, 1984).

While groundwater quality monitoring was ongoing,

the USAF initiated analyses of potential remedial alterna-

tives. Reports detailing these analytic efforts include:

Preliminary Reclamation Wellfield Design and Assessment of

Water Treatment Alternatives, United States Air Force Plant

No. 44, Tucson, Arizona (Hargis & Montgomery, Inc.,

August 9, 1982); Conceptual Study For Treatment of Reclaimed

Water at USAF Plant No. 44, Phase I & Phase II Results

(Malcolm Pirnie, September 1983); Conceptual Study For

Treatment of Reclaimed Water at USAF Plant No. 44, Phase III

Results (Malcolm Pirnie, February 1984).

Based upon these prior remedial alternative ana-

lyses (most of which are presented in full in this document)

it was decided that a pilot groundwater reclamation system

should be designed, constructed and operated for the purpose

of verifying through actual field operations the technical

feasibility and performance characteristics of such a sys-

tem. A pilot system (consisting of two groundwater

12
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extraction wells, a treatment plant to remove the various

volatile organic compounds and chromium found in the AFP 44

plume of contaminated groundwater, and two wells to recharge

treated water back into the aquifer) commenced operations in

April, 1985. Data obtained from the past several months of

operation have confirmed that such a system is capable of

reducing the concentrations of contaminants in extracted

groundwater to levels exceeding those considered safe for

drinking water.

I

13



Perched zone water is not and cannot (because of its

volume) be employed for any beneficial use. However,

possible that some migration of contaminated water fr

perched zone to the underlying upper zone of the regi

aquifer may occur.

C. Regional Aquifer . ;

Hydrogeologic investigations at AFP 44 indi

that a regional aquifer system occurs beneath AFP 44

sisting of upper and lower zones separated by a clay

aquitard. The investigations, together with the cont

groundwater quality monitoring program in both zones

regional aquifer, indicate that TCE, TCA, DCE and chr

exist in the upper zone of the regional system, and h

migrated off-site to varying extents. Concentrations

have been detected beneath the complex at AFP 44 in t".

upper zone. Concentrations of chromium have migrated

upper zone to points just beyond the plant's northern bound

ary. TCE and a lesser amount of DCE have migrated in the

upper zone beyond the plant's northern boundary, poter^^'o1 ""

to the extent depicted in Figure 2, with concentratio;

decreasing with distance from AFP 44.

The extent of AFP contaminant migration in •

upper zone has been determined on the basis of the ex-

body of groundwater analytic data gathered during the

16
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four years. Based on the data obtained during 1984, it has

been concluded that the leading low concentration edge of

the AFP 44 contaminant plume may have migrated to the area

just north of Los Reales Road which already contained much

higher concentrations of volatile organic compounds and

other contaminants from sources other than AFP 44 (Figure

2). Individual maps depicting the range of TCA, TCE, DCE

and chromium concentrations are presented in Figures 2A

through D.

, The lower zone does not appear to have been

directly contaminated by sources at AFP 44. However, con-

taminants have been detected in specific areas of the lower

zone, apparently as the result of the mixing of groundwater

from the upper and lower zones through on-site wells which

formerly penetrated both zones. As noted above, these wells

were sealed in 1982 and 1983 to prevent fufcher occurrence of

this process. The extent to which contaminants have

migrated in the lower zone of the regional aquifer is sig-

nificantly less than in the upper zone, as depicted in Fig-

ure 2E.

17
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IV. POTENTIAL RISKS;

Remedial actions in response to releases of haz-

ardous substances may be undertaken by the President in

order to protect the public health, welfare or the environ-

ment. CERCLA § 104(a). In the present case, past releases

of hazardous substances at AFP 44 have resulted in the con-

tamination of a portion of an aquifer which in light of con-

tamination is presently not used as a source of drinking

water or other beneficial use, but might be employed for

such purposes if the water quality complied with relevant

water qualtiy standards and criteria.

A number of studies have been undertaken to estab-

lish standards for the allowable concentrations of certain

contaminants in drinking water. Such standards are normally

set at limits considered to be extremely safe for the con-

stituents of concern. Drinking water standards have not

been formally adopted for many substances, including most of

the substances of concern at AFP 44, although administrative

rulemakings to establish such standards for TCE, TCA and DCE

have been initiated.

In order to identify treatment objectives and

goals for any remedial groundwater program at AFP 44, how-

ever, the USAF has looked to the drinking water standards

and criteria established or identified for us by EPA and

18
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ADHS. In some instances, numerical values for allowable

concentrations of the relevant volatile compounds have

changed during the past several years. Since the affected

groundwater area south of Los Reales Road is not presently

used and since the objective of any proposed remedial

groundwater treatment program for AFP 44 will be to meet or

exceed relevant drinking water standards or criteria, an

exhaustive presentation of potential health risks associated

with the nature and degree of the contaminants has not been

and need .not be undertaken here. The treatment objectives

and goals established for the purpose of this analysis are

identified in Section V, and a summary of the studies under-

lying the identification of the target treatment levels is

provided below.

A. Volatile Organic Compounds.

The risks associated with TCE, TCA and DCE are the

subject of continuing research. Human epidemiology data

concerning the carcinogenic risks of TCE, TCA and DCE are

extremely limited; consequently, animal experiments have

been conducted from which the potential human risk is

extrapolated. (49 Fed. Reg. 24330, 24339, 1984). Because

of this continuing research, the following sections concern-

ing the potential health risks associated with TCE, TCA and

DCE are reproduced from the preamble of a regulation pro-

19
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posed by EPA concerning recommended and maximum concen-

tration limitations for those volatile organic compounds in

drinking water. (49 Fed. Reg. 24330, 1984).

1. Trichloroethylene

"Trichloroethylene has been shown to exhibit

non-carcinogenic bioeffects at high (non-environmental)

doses in humans and several other animal species, including

dogs, rabbits, guinea pigs, rats and mice. The major

effects demonstrated are liver and kidney damage, central

nervous system effects and depression in myocardial

contractility.

In the calculation of a suggested Adjusted ADI

[acceptable daily intake] for trichloroethylene, liver

toxicity was used as the most sensitive end-point with

respect to adverse health effects, not including the poten-

tial carcinogenic risk that may result from exposure to the

chemical. A study in which rats were exposed to

trichloroethylene through inhalation with resulting ele-

vation of liver weights was used to calculate a suggested

Adjusted ADI of 0.257 mg/1. This value was calculated based

upon a minimal-effect-level of 300 mg/m3 (55 ppm), since

rats exposed to this dose level (5 days a week for 14 weeks)

showed alevation cf liver weights. An uncertainty factor of

1000 was applied due to the fact that an animal study, where

20



the no-observed-adverse-effect-level was not identified, was

used and because the study was only of 14 weeks duration.

One hundred percent exposure from drinking water and a 70 kg

adult consuming 2 liters of water per day were assumed in

the calculations.

The HAS has not calculated a chronic

non-carcinogenic Suggested No-Adverse-Response Level (equiv-

alent to an Adjusted ADI) for trichloroethylene, because

every long-term study, with the exception of the National

Cancer Institute (NCI) carcinogenesis investigation,

involves trichloroethylene administration by inhalation.

The NCI bioassay did not determine a "no-effect level" and

thus it was not considered appropriate for use in the devi-

ation of a chronic, noncarcinogenic value.

Bacterial tnutagenicity studies have shown

trichloroethylene to be mutagenic in several systems,

including metabolically activated Salmonella typhimurium and

E. coli K12 strain; however, a later study reported

trichloroethylene to be non-mutagenic in the Ames test sys-

tem.

Commercial grade trichloroethylene was tested by

the National Cancer Institute (NCI) (1976) and was reported

to induce hepatocellular carcinomas in male and female mice

by oral gavage. A repeat bioassay by the National

21



Toxicology Program (1983) using purified trichloroethylene

in corn oil found it to cause hepatocellular carcinomas in

both sexes of mice, at a dose of 1,000 mg/kg per day, five

days per week for 2 years, administered by gavage.

Trichloroethylene was not carcinogenic in female rats under

the test conditions and the results in male rats were deter-

mined to be insufficient to make an adequate evaluation of

the carcinogenicity. The doses administered to the rat were j

1,000 and 500 mg/kg/day.
I

The International Agency for Research on Cancer !

(IARC) has concluded that trichloroethylene has limited evi-

dence of carcinogenicity, based upon experimental animal

studies and inadequate evidence from available human data.

This means that the data suggest a carcinogenic effect in

one species, but lack of confirmation in others. The World

Health Organization (1981) has recommended a tentative

guideline value of 30 iig/1 for trichloroethylene in drinking

water.

EPA's Carcinogen Assessment Group has used the

linearized non-threshold multi-stage model to calculate

projected excess cancer risk estimates extrapolated from

high dose animal studies. For trichloroethylene, these

estimates were based upon the NCI bioassay data. Calculated

22
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risks corresponding to various doses are listed in Table 7.

[See Table 7 at 49 Fed. Reg. 24330, 24340]."

2. 1,1,1-Trichloroethane

"The principal toxic effects of

1,1,1-trichloroethane from . . . (non-environmental) dose

exposure in animals and humans are depression of the central

nervous system, increase in liver weight and cardiovascular

changes.

Liver toxicity was used as the most sensitive

end-point; with respect to adverse health effects, not

including the potential carcinogenic risk, in the calcu-

lation of an adjusted ADI for 1,1,1-trichloroethane. An,

inhalation study which examined exposure of mice to

1,1,1-trichloroethane was used to calculate a suggested

Adjusted ADI of 1.0 mg/1. This study demonstrated changes

in the livers of the mice at various dose levels.

Two animal bioassays by the National Cancer Insti-

tute (NCI) have been completed in rats and mice (1977,

1983). In the earlier bioassay, rats and mice were treated

with I,1,1-trichloroethane in corn oil by gavage. Because

only 3 percent of the animals survived to the end of the

experiment, due in part to chronic murine pneumonia which

was determined to be the most probable cause of the high

incidence of natural deaths among the animals, it was con-
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eluded that carcinogenicity could not be determined from

this study. A repeat carcinogenesis bioassay of

1,1,1-trichloroethane was conducted in which doses of 3,000

or 1,500 mg/kg were administered by gavage to both sexes of

mice, and rates (sic) were given [doses] of 750 or 375

mg/kg. In the preliminary report of this study,

1,1,1-trichloroethane was carcinogenic in both male and

female mice showing an increased incidence of hepatocellular

carcinomas but not in rats; however, these initial results

have been questioned.

1,1,1-trichloroethane has been tested for

mutagenicity in several test systems. Both negative and .

positive results were reported in mutagenicity tests in var-

ious Salmonella typhimurium strains, and

1,1,1-trichloroethane was not shown to be mutagenic in

studies using yeast as an indicator organism.

EPA's Carcinogen Assessment group has used the

linearized non-threshold multi-stage model to calculate pre-

liminary excess cancer risk estimates extrapolated from the

preliminary reported incidence of hepatocellular carcinomas

in female mice in the study cited above. Calculated risks

corresponding to various doses are listed in Table 7. [See

Table 7 at 49 Fed. Reg. 24330, 24340].
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Similar calculations were made by the NAS (Drink-

ing Water and Health, Vol. V) except that the average of the

results in both male and female mice were used as the basis.

The latest bioassay data, on 1,1,1-trichloroethane

is currently undergoing audit by the National Toxicolgy Pro-

gram ("NTP") and a final report has not been issued." (49

Fed. Reg. 24330, 24341).

3. 1,1-Dichloroethylene

"1,1-Dichloroethylene has been shown to cause liv-

er and kidney injury in animals from high dose exposures.

Liver damage in rats, mice and guinea pigs has been docu-

mented, along with renal toxicity, CNS depression and

sensitization of the heart.

An Adjusted ADI of 350 ug/1 for

1,1-Dichloroethylene considering adverse health effects not

including the potential carcinogenic risk was calculated

based upon toxic liver effects using a NOAEL of 10 mg/kg and

100 percent exposure from drinking water.

The NAS (1983) has calculated a chronic,

suggested-no-adverse-response level (equivalent to an

adjusted ADI) of 0.1 mg/1 based upon non-carcinogenic

effects only for 1,1-Dichloroethylene from data in the

National Toxicology Program bioassay (1982) in rats and

mice. A no-observed-adverse-effect level of 2 mg/kg was
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used and an uncertainty factor of 100, and complete absorp-

tion from the GI tract. Twenty percent exposure from drink-

ing water and a 70 kg adult consuming 2 liters of water per

day were assumed in the calculations, along with conversions

from a 5 d/week dosing regime to a 7 d/week exposure.

1,1-dichloroethylene was found to be mutagenic

with microsomal activation in Salmonella typhimurium and E.

coli test systems. However, mutagenicity was not observed

with V79 Chinese hamster cells or in dominant lethal studies

in mice and rats.

1,1-dichloroethylene was shown to produce kidney

•adenocarcinomas in mice and rats in one study (Maltoni,

1977). However, most of.the other studies have failed to

demonstrate significant carcinogenic activity of the chemi-

cal. A study by the National Toxicology Program (1982)

examined 1,1-dichloroethylene exposures of 1 mg/kg or 5

mg/kg 5 times per week in rats and 2 mg/kg or 10 mg/kg 5

times per week in mice. In this bioassay, there was no evi-

dence that 1,1-dichloroethylene was carcinogenic for either

the rats or the mice. However, there was some question as

to whether the maximum tolerated dose had been used in this

study. The NAS (1983) has concluded that information on

1,1-dichloroethylene is not sufficient to reach a definite

conclusion on the carcinogenicity of the compound.
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EPA's Carcinogen Assessment Group found

1,1-diehloroethylene to have limited evidence of

carcinogenicity in animals. They have used the linearized,

non-threshold, multi-stage model to calculate projected

excess cancer estimates extrapolated from high-dose animal

studies. For 1,1-dichloroethylene, these estimates were

based on results of inhalation studies in mice and rats.

Calculated risks corresponding to various doses are listed

in Table 7. [See 49 Fed. Reg. 24330, 24340]. EPA's SAB has

recently questioned validity of this study result. This

tentative classification of 1,1 DCE as a carcinogen will be

reexamined." (49 Fed. Reg. 24330, 24343).

B. Chromium

Extensive studies have been performed with respect

to the risks associated with the presence of chromium in

drinking water, and resulted in the establishment by EPA of

a maximum contaminant level for chromium in drinking water

as specified in 40 C.F.R. Part 141. In the interest of

brevity, the risks assessments performed in support of the

adoption of that EPA regulation are incorporated by refer-

ence.
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V. OBJECTIVES

In light of the known hydrogeologic conditions and

in appreciation of the risk assessments described above,

identification of an appropriate remedial alternative(s) is

necessary for the detailed design and implementation of a

cost-effective program for mitigating the adverse environ-

mental impacts and potential health risks associated with

the migration of hazardous substances from AFP 44. The

objectives of the remedial action program ultimately

selected and implemented wilJL be:- • - - — -- • • „ , •
(1) to prevent to the maximum practicable degree

any continued migration of the AFP 44 plume of contaminated

groundwater;

(2) to render groundwater contaminated by sources

at AFP 44 suitable for beneficial use;

(3) to meet applicable or relevant standards and

criteria of Federal (or, where appropriate, state and local)

environmental and public health laws to the maximum extent

practicable;
(4) to achieve those results in a cost-effective

and timely manner; and

(5) to implement a program which does not result

in unwarranted drawdown impacts in the regional aquifer,

which does not interfere with the performance of remedial
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action programs conducted by others in the greater TIA

vicinity, and which is consistent with the goals of the

Tucson Active Management Area groundwater management plan.

A. Extent of Remedy:

In further refinement of objective (2) above, it

is important to identify at the outset of this analysis the

extent of remedy sought from any groundwater treatment pro-

gram. In this regard, the National Contingency Plan pro-

vides tha.t:

The appropriate extent of remedy shall be

determined by the lead agency's selection of

the remedial alternative which the agency

determines is cost-effective (i.e. the lowest

cost alternative that is technologically feasi-

ble and reliable and which effectively miti-

gates and minimizes damages to and provides

adequate protection of public health, welfare

or the environment),

40 C.F.R. § 300.68O).

In light of the analytic requirements of the NCP,

however, a variety of remedial alternatives are considered

in this document, including the alternatives of taking no

action and other alternatives which entail no treatment of
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contaminated groundwater. With respect to treatment alter-

natives, the.levels to which water will be treated must be

considered in determining their cost-effectiveness since

marginal increments of contaminant reduction might only be

achieved at additional costs which greatly exceed the bene-

fit gained. Accordingly, ranges of contaminant concen-

trations and the cost of treatment to those levels have been

considered at appropriate discussions in this analysis.

B. Compliance with Relevant Drinking Water Standards

and Criteria.

In light of the goals of this program, target

treatment levels have been selected which meet or exceed the

levels of contaminant concentration considered safe by rele-

vant regulatory agencies for drinking water. Attainment of

drinking water quality standards also would result in com-

pliance with a variety of other federal and state laws,

including regulations potentially applicable to the recharge

of treated water back into the aquifer from which it was

withdrawn. The target treatment levels for chromium, TCE,

TCA and DCE are identified below. The bases for the iden-

tified target levels are as follows:

1. Chromium: The maximum concentration limita-

tion for chromium in drinking water is 0.05 parts per
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million (ppm). This standard is established by the National

Interim Primary Drinking Water Regulations, 40 C.F.R. Part

141, and is the target treatment level for chromium in any

remedial water treatment alternative implemented at AFP 44.

2. Volatile Organic Compounds: There are no

formally adopted federal drinking water maximum contaminant

limitations (MCLs) for TCE, TCA or DCE. In 1982, however,

EPA published an advance notice of proposed rulemaking to

revise 40 C.F.R. Part 141 (the National Interim Primary

Drinking .Water Regulations) so as to establish recommended

maximum contaminant limitations (RMCLs) for certain organic

compounds. 47 Fed. Reg. 9350 (1982). RMCLs are health

goals, not enforceable standards, and are set at a level

where "no known or anticipated adverse effects on the health

of persons occur and which allows an adequate margin of

safety."

While the advance notice of rulemaking did not

propose specific MCLs, it included a table indicating the

options being evaluated by EPA concerning the appropriate

MCL (i.e. legal standard) for certain organic compounds,

including TCE and TCA but not DCE . The potential range of

MCLs then being considered fell "roughly within an upper

limit lifetime exposure risk range of 1 in. 10,000 (i.e. one

excess cancer death per 10,000 population) to 1 in 1,000,000
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I

[i.e. 10 ] as estimated by conservative relative risk

computation models using data from animal tests." 47 Fed.

Reg. 9357.

The potential MCLs with a 10 cancer risk for

TCE and TCA identified there were 5 ppb and 1000 ppb respec-

tively. The 10 cancer risk rate was premised on the

consumption of 2 liters of water per day containing 5 ppb of

TCE, or 1000 ppb of TCA, by a 70 kilogram adult every day

for 70 years. If consumed at that rate for that period of

time, one person in a million might die from cancer related

to the ingestion of TCE or TCA.

EPA has explained a. 10~ cancer risk as follows:

As an example of what 10~ would mean in

terms of the U.S. population, a total of 20

cases of cancer would result if 10 percent of

the population were exposed at a dose level
-6equivalent to a 10 risk for 70 years.

Stated another way, that would be one-third of

a cancer case per year as an upper limit in the

U.S. population compared to the appropriately

[sic] 500,000 annual cancer deaths that occur.

The actual number of cases attributable to that

particular substance would probably be less and

perhaps none at all would occur unless some
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additive or synergistic interaction with other

substances resulted in enhanced toxicity,

49 Fed. Reg. 24330, 24348 (1984).

Subsequent to that advance notice, EPA published a

proposed rulemaking to revise 40 C.F.R. Part 141. (49 Fed.

Reg. 24330, June 12, 1984), The proposed rule, if promul-

gated as written, would establish RMCLs for certain organic

compounds. For TCE and DCE, the proposed RMCL was zero; for

TCA, the proposed RMCL is 0.2 milligrams per liter, i.e. 200

ppb. 49 Fed. Reg. 24352. The proposed rule acknowledged

that the recommended RMCLs for TCE and TCA are based only on

"limited evidence of animal carcinogenicity . . . ." (49

Fed. Reg. 24348). The Environmental Health Committee of

EPA's Science Advisory Board ("SAB") has concluded that

there is presently insufficient evidence to classify TCE as

a human carcinogen. (SAB, December 17, 1984).

The most recent EPA proposals with respect to safe

concentrations of TCE, TCA and DCE in drinking water is cur-

rently pending before the Office of Management and Budget.

Under the present proposal, EPA is recommending the follow-

ing MCL's and RMCL's for those substances:
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Proposed Proposed
RMCL MCL

TCE 0 5 ppb
TCA 200 ppb 200 ppb
DCE 7 ppb 7 ppb

As is the case with federal criteria concerning

drinking water quality, Arizona has not formally adopted

numerical MCLs for the volatile organic compounds TCE, TCA

and DCE. ADHS has stated, however, that it too operates on

the premise that the presence of such compounds in drinking

water shquld accord with the theoretical 10" cancer risk

level. Previous correspondence among EPA, ADHS and the USAF

indicated that appropriate treatment levels would be as fol-

lows: 5 ppb TCE, 0.033 ppb DCE, 1000 ppb TCA (ADHS 1982).

The 1000 ppb TCA standard was revised in subsequent dis-

cussions to 16.8 ppb, apparently based on earlier assess-

ments that 16.8 ppb TCA constituted a 10" cancer risk.

Thus, based on earlier discussions which predated the more

recent EPA proposed rulemakings, the target treatment levels

for TCE, TCA and DCE at AFP 44 were set as follows: 5 ppb

TCE; 16.8 ppb TCA; 0.033 ppb DCE. These levels have served

as the basis for analyzing groundwater treatment alterna-

tives .

These target treatment levels represent very con-

servative safety limits. As is evident from the table
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below, the target treatment levels meet the most recent pro-

posals by EPA for TCE, meet the existing MCL for Chromium,

and exceed by several orders of magnitude the most recent

EPA proposals for TCA and DCE. Since drinking water quality

standards, recommended contaminant levels or advisories may

continue to rise or fall as they have in some instances over

the past few years, the target treatment levels identified

below will continue to be used as the objectives for treat-

ment plant performance and the goals for aquifer restora-

tion.
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APPLICABLE, RELEVANT STANDARDS AND

TARGET TREATMENT LEVELS

Proposed
RMCL

Trichlorethylene

1,1,1,
Trichlorethane

1,1

200 ppb

Proposed Treatment
MCL Target

5 ppb 5 ppb

200 ppb 16.8 ppb

Dichloroethylene

Chromium (total)

7 ppb

--

7 ppb

. 05 ppm
(final)

0.033 ppb

.05 ppm

"'•"Source, Proposed Promulgation of Recommended Maximum Con-

taminant Levels and Proposal of Maximum Contaminant Levels,

U.S. EPA, Acting Assistant Administrator for Water, 1985.

36



H7
C. Consistency of Remedy With the Standards of Other

Relevant Laws

Based upon the fact that Tucson is underlain by

and reliant upon a sole source aquifer, it is important that

laws concerning groundwater uses and impacts be considered

in evaluating possible remedial alternatives. Of particular

interest in that regard are the substantive standards of the

Arizona Groundwater Management Act (and the associated

Tucson Arizona Active Management Area management plan) and

Arizona regulations contained in the State groundwater pro-

tection program. These provisions are briefly summarised

below. Compliance with the substantive standards of other

relevant laws is discussed in Section IX.

1. Arizona Groundwater Management Act ("AGMA")

The AGMA was enacted in 1980 to institute a com-

prehensive groundwater conservation and management program

in Arizona. While allowing for the continuation of historic

groundwater usage under a system of Grandfathered Rights,

additional groundwater extraction and new uses were made

subject to strict conservation requirements and development

restrictions.

Active groundwater management areas were formed

under the Act in areas of the State particularly reliant

upon groundwater availability. The Tucson Active Management

37



,

143
Area ("TAMA") is one such area. In general, and especially

in active management areas, groundwater may be withdrawn or

used only pursuant to a Grandfathered Right or a permit.

The objectives of the TAMA management plan include: achieve-

ment of "safe-yield," i.e. equilibrium of groundwater

extraction and recharge rates; protection of existing water

users and property owners from unreasonably increased dam-

age; prevention of water quality degradation; and, reduction

or elimination of land subsidance. To obtain these objec-

tives, the permitting of new groundwater extraction or new

groundwater uses is extremely restrictive.

2. State Groundwater Protection Permit

State regulations concerning activities which may

adversely impact groundwater quality appear at ACRR

§ R9-20-202 et seq. These regulations require the filing of

a notice of disposal of certain activities which may impact

groundwater quality, and may require the issuance of a per-

mit which establishes conditions that assure that activities

do not result in any measurable change to the physical,

chemical or biological character of groundwater caused by

the addition of pollutants or wastes.
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VI, REMEDIAL ALTERNATIVE ANALYSIS: Initial Screening

A number of alternative response actions could be

appropriate for implementation at AFP 44, and an evaluation

of the broad range of alternatives is necessary to determine

which would provide the optimum remedial alternative. Not

all of possible alternatives, however, deserve detailed con-

sideration. Accordingly, the following criteria have been

used as the basis for determining which remedial alterna-

tives warrant more detailed analysis:

(1) Cost: the magnitude of capital expendi-

tures necessary to construct and operate

the facilities required;

(2) Environmental Impact: the degree to

which the alternative is likely to mini-

mize future danger to or threat of harm

to the environment; the degree to which

the alternative can be expected to "miti-

gate existing adverse environmental con-

ditions; the degree to which the

alternative may create additional

adverse environmental impacts; and, the

timeliness of the mitigation achievable

under the alternative;
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(3) Public Health: the degree to which the

alternative is likely to minimize danger

to or threat of harm to the public

health and welfare;

(A) Regulation Compliance: the scope of

activity necessary to meet the substan-

tive standards of any relevant regulato-

ry provisions associated with each

activity; and

(5) Feasibility; the engineering and tech-

nological feasibility of implementing

each alternative.

The range of potential remedial options fall into

four broad categories:

1. Remove or contain contamination at its

source;

2. Leave the contaminated water in the ground,

either taking no action or containing it with barriers to

prevent further migration;

3. Remove the contaminated groundwater from the

aquifer through wells and dispose of the extracted,

untreated water elsewhere;
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4. Remove the contaminated groundwater from the

aquifer, treat the water, and use the treated water for

groundwater recharge or other beneficial use.

A preliminary discussion of the various remedial

options appears below, with emphasis on the decision ele-

ments specified above. Since this section presents an ini-

tial screening of possible alternatives in order to identify

those options which warrant further detailed analysis, the

discussions below are not exhaustive, nor are they intended

to be.

A. Source Control

The National Contingency Plan, 40 C.F.R. Part 300,

states that source control remedial actions "may be appro-

priate if a substantial concentration of hazardous sub-

stances remain at or near the area where they were

originally located and inadequate barriers exist to retard

migration of substances into the environment. Source con-

trol remedial actions may not be appropriate if most sub-

stances have migrated from the area where originally

located , , ." (40 C.F.R. § 300.60(e)(2)}.

The objectives of the Phase I and Phase II inves-

tigations at AFP 44 included locating potential sources of

trace metal and organic contaminants and determining the

residual concentration of contaminants in the soils (Hargis
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& Montgomery, Inc., 1982). The data presented in these

reports comprises the remedial investigation addressing

source control.

1. Soils;

The Phase I and Phase II investigations con-

ducted at AFP 44 in 1981 included collection of 683 soil

samples from 31 borings drilled at abandoned waste disposal

pits, ponds and ditches. Chemical analyses were performed

on 359 soil samples to determine the concentrations of TCE,

TCA and DCE. Concentrations of TCE reported in the soil

samples were usually less than 10 ppb (parts per billion),

but were as high as 45 ppb (Hargis & Montgomery, Inc.,

1982). TCA was detected in only 7 of the 31 borings and

concentrations reported were usually less than 5 ppb, but

were as high as 11 ppb. DCE was detected only in 2 soil

borings at concentrations less than 5 ppb.

Chromium and other trace metal concentrations in

344 soil samples were analyzed by extraction procedure

toxicity methods outlined by the EPA in Testing Methods for

Evaluating Solid Waste (May 1980). The extraction procedure

toxicity method is designed to determine the leachability of

substances from a solid waste or soil that is subject to

infiltration and percolation of rainfall. Results of ana-

lyses for chromium indicate that concentrations of chromium
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in the extracts leached from the soil samples are much less

than the 5 mg/1 (milligrams per liter) concentration charac-

teristic of extraction procedure toxicity, with the excep-

tion of one sample. The sample which exceeded the

extraction procedure toxicity limit was located in a pond

which was previously excavated and refilled, and which is

now covered over by an asphalt parking lot. Chromium con-

centrations for 321 of the 344 extracts leached from the

soil samples are less than 5 ppm.

, Results of the Phase I and Phase II investigation

indicate that the solvent disposal pits located in the area

west of Building 801 and north of the wastewater treatment

plant were probably the principal sources of TCE, TCA and

DCE that had migrated to the regional aquifer. Residual

concentrations of TCE, TCA and DCE in the soils in this area

are low, and indicate that these abandoned pits are no long-

er sources of contamination.

Results of the trace metal analyses by extraction

procedure toxicity indicate that the abandoned sludge dis-

posal pits east of Building 801, which are now covered by a

paved parking lot, were the principal source of chromium

that migrated to the regional aquifer beneath AFP 44. The

mobility o£ trace metals is related to the pH of the soils,

which ranges from about 8 to 10 at AFP 44. Although scat-
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tered residual concentrations of chromium occur in the soils

beneath the abandoned pits, the absence of percolating fluid

to mobilize the chromium, and the alkaline nature of the

soils, effectively eliminate this source of contamination.

An additional conclusion of the Phase II investi-

gation and subsequent monitoring was the delineation of a

perched groundwater zone (above the regional aquifer) with a

surface area beneath AFP 44 of about 100 acres. The satu-

rated thickness of the perched groundwater ranges from less

than one .foot to 24 feet. Water levels and contaminant con-

centrations in the perched groundwater have been monitored

since 1981.

Analysis of water level data indicates that the

water levels in the perched groundwater zone beneath AFP 44

appear to fluctuate in response to rainfall and runoff

events, especially near the topographically low areas where

the accumulation of surface runoff occurs. There is no data

to indicate that percolation of surface runoff through the

unsaturated zone has increased contaminant concentrations in

the perched groundwater since 1981. In fact, the concen-

trations of TCE, TCA, DCE and chromium in groundwater sam-

ples from the perched zone wells have generally decreased.

Soils therefore do not appear to be a continuing source of

contamination in the perched zone, so that additional con-
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trol measures beyond those already undertaken with respect

to soils or the prevention, of stormwater percolation through

soils are considered to be unnecessary.

2, Perched Zone:

The perched zone occurs in an area of low

permeability clays which prevent or retard the downward

migration of water to the regional aquifer below. Given

this geology, it is unlikely that contaminated water in the

perched zone constitutes a significant source of contam-

ination t;o the regional aquifer. Given the very limited

thickness of the saturated perched zone (1-24 feet), it is

technologically infeasible to pump water from this area.

Given the depth of the perched zone beneath land surface,

the cost of excavating this area for the purpose of removal

actions would be completely disproportionate to any benefit

gained. Allowing contaminated groundwater to remain in the

perched zone would probably have little direct environmental

impact, and the presence of contaminated groundwater in the

perched zone itself presents no direct risk to public health

and welfare.

However, in the event that groundwater reclamation

of the upper region aquifer were to be performed, it would

be wise to facilitate drainage of contaminated perched water

into the upper regional aquifer by constructing groundwater
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extraction or recharge wells through the perched zone in a

manner which allowed perched water to flow down well casings

down the upper regional aquifer. Once in the upper regional

aquifer, the contaminated perched water could be extracted

for treatment through the groundwater reclamation system

designed to extract water from the upper zone of the

regional aquifer. Such a program, coupled with continued

perched zone and upper regional aquifer monitoring, would

greatly diminish any concern that slow leakage from the

perched zone might necessitate any needlessly prolonged

operation of the reclamation program.

B. No Action

Under this alternative, no efforts would be under-

taken to remedy groundwater contamination in the regional

aquifer caused by prior waste handling practices at AFP 44,

and no direct capital expenditures would be made. Not miti-

gating the existing groundwater conditions, however, would

probably require continuing and expanding the groundwater

quality monitoring activities for the purpose of documenting

the migration of the contaminants in the groundwater.

This alternative does not mitigate or minimize any

harm that has occurred or may occur to the environment.

Since no activity would be required under this alternative,

no additional adverse environmental impacts associated with

I
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a remedial activity would be created. Further environmental

damage could result, however, as a result of the continued

transport of contaminants already in the aquifer through the

regional system. Failure to mitigate existing groundwater

conditions could also complicate, lengthen or defeat any

other remedial actions taken dovmgradient from AFP 44 in the

area north of Los Reales Road.

In order to evaluate further the environmental

impact of the "no action" alternative, future movement of

the AFP 44 TCE contaminant plume was simulated using a

two-dimensional digital computer model of solute transport

and dispersion (Konikow and Bredehoeft, 1978). Results of

the evaluation indicate that the contaminant concentrations

at AFP 44 would be reduced from about 5,000 ppb to less than

5 ppb after a period of approximately 30 years. However,

concentrations of TCE in the regional aquifer northwest of

AFP 44 would increase as the high contaminant concentrations

zones presently located in the vicinity of AFP 44 would

migrate downgradient for a distance of approximately two

miles during the 30 year period. Due to dispersion, peak

concentrations would decrease from about 5,000 ppb to about

2,000 ppb as the contaminant plume migrated.

Although peak concentrations would decrease, the

areal extent of the plume would increase. Within 30 years,
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the 10 ppb contour of ICE concentration might extend more

than three miles north-northwest of the northern Plant

boundary. The contaminant plume currently emanating from

AFP 44 could increase contaminant concentrations in approxi-

mately 25 private and municipal wells to concentrations

greater than the target treatment levels. After 50 years,

the 10 ppb.contour of TCE concentration might extend about

five miles north-northwest of AFP 44. The highest concen-

tration of contaminants would be about 1,000 ppb, and about

54 existing private and municipal wells would be contam-

inated and contain concentrations of contaminants greater

than the target treatment levels. (Both of these calcu-

lations assume - contrary to fact - the absence of contam-

inants from other sources downgradient of AFP 44.)

A no action alternative is generally unacceptable

unless the adverse environmental impacts associated with

other remedial alternatives would cause greater environ-

mental or health danger than no action. The potential

adverse impacts of other possible remedial actions are dis-

cussed below, some of which would result in few or no sig-

nificant adverse environmental impacts. Accordingly, the no

action alternative is not justifiable based on environmental

considerations.
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C. Containment by Impermeable Barriers

Under this concept, slurry walls, grout curtains,

or sheet pilings would be constructed around the perimeter

of the contauiirianted groundwater plume emanating from AFP 44

to prevent its further migration.

Because of the areal extent of the groundwater

contamination plume and the depth to the base of the contam-

inated zone of the aquifer in the vicinity of AFP 44 (ap-

proximately 180 to 220 feet), the construction of an

impermeable barrier to contain the groundwater plume would

require the emplacement of a massive structure. Significant

engineering problems would have to be overcome, and the

acquisition of land rights, easements and rights-of-ways for

construction of such barriers would be extremely complicated

and time-consuming, assuming such acquisitions could ever be

completed. The costs associated with such an effort have

not been calculated, but would appear to be disproportionate

to any benefit achieved.

This construction theoretically could be of some

benefit in preventing or at least retarding the horizontal

migration of contaminants through the aquifer. Neverthe-

less, insufficient hydrogeologic data is available to con-

clude with certainty that the emplacement of impermeable

barriers would prevent the horizontal migration of contam-
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inants. Accordingly, this alternative does not provide an

assured mechanism by which to minimize and/or mitigate

potential harm to the public health, welfare and environ-

ment. Furthermore, since this alternative would do nothing

more than contain the migration, it does not provide a means

for making contaminated water suitable for beneficial use.

A construction project of this magnitude would

certainly have adverse impacts on the environment. The

emplacement of slurry walls to encircle completely the plume

could require massive excavations throughout a large area in

the vicinity of the TIA. Such an effort could: (1) signif-

icantly disrupt the local ecology; (2) generate extensive

particulate and hydrocarbon emissions during the excavation

and construction phase that would require considerable miti-

gation measures; and, (3) potentially alter the direction

and rate of flow in the upper regional aquifer, possibly

affecting domestic and municipal wells, and other remedial

actions downgradient from AFP 44.

Existing groundwater conditions do not pose a

direct and immediate threat to the public health and welfare

since alternative water sources are presently available.

Nevertheless, the state of existing groundwater conditions

do have long term implications for water availability and

usage in the Tucson area. To the degree they could be suc-
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cessful, groundwater containment measures might prevent fur-

ther contamination of the aquifer, and thus maintain the

status quo.

The number and degree of regulatory complications

involved in containing contaminants in groundwater subject

to State of Arizona groundwater management authority are

unknown. While the construction of impermeable barriers is

a known technology which has been used with varying degrees

of success at other sites around the country, we are unaware

of any circumstance in which such barriers, have been used

for the containment of a groundwater contamination plume in

geological circumstances similar to those in the vicinity of

AFP 44, or on such a massive scale.
D• Withdrawal of Groundwater

Construction and operation of a reclamation well-

field to extract contaminated groundwater from the regional

aquifer would prevent further migration of the contaminated

plume and reduce contaminant concentrations in the ground-

water. The reclamation wellfield would have to be operated

continuously to control effectively the migration of the

plume. The most rapid and effective reduction in contam-

inant concentrations can be accomplished by pumping at the

maximum possible rate within the limitations of the

aquifer's hydraulic characteristics. Pumping at lesser
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rates would result in groundwater having to be pumped for a

longer period of time in order to treat the same volume of

water. However, because of the processes of contaminant

dispersion in groundwater, as more time elapses a greater

volume of water would become contaminated so that a pumping

project of long duration would result in larger volume of

water having to be treated to achieve the same result.

Continuous operation of the proposed reclamation
wellfield at the maximum pumping rate is an important factor

in this initial screening of water use alternatives. Stop-

ping the pumping or reducing it to a minimal level for a

period of time would allow the regional groundwater flow to

re-establish control of the contaminant plume and possibly

transport it so far downgradient that the wellfield would no

longer be in an optimal location for the extraction of con-

taminants .

An estimation of the maximum possible pumping rate

and associated duration of pumping has been made with the

assistance of a two-dimensional digital computer model of

solute transport and dispersion (Konikow and Bredehoeft,

1978). Approximately 20 years of pumping at 2,000 gpm would

be required for efficient cleanup process. Therefore, any

off-site disposal plan for treated or untreated groundwater

would have to be operational for a period of at least 20
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years on a continuous basis in order to complete the remedi-

al action. If the extraction process were forced to cease

because of the termination of a disposal or alternate use,

the contaminant plume could start migrating and dispersing

again, thus lengthening the reclamation time projections and

increasing costs. In addition, the costs of identifying a

replacement disposal method or alternative use and con-

structing new pipelines and/or other facilities are so sig-

nificant that evaluating the 20-year reliability factor is

an important consideration.

If the water is extracted from the aquifer and not

treated to remove the contaminants, the costs of a treatment

facility'will be avoided. However, the water disposal

options under this alternative are limited by the need to

prevent the contaminants from re-entering potable water sup-

plies. Treating the water expands the possibilities for

disposal or use, including the option of recharging treated

water back into the aquifer from which it was withdrawn.

Preliminary reclamation wellfield design indicates

that the reclamation wellfield could be operated at a maxi-

mum withdrawal rate of about 2,000 gpm (gallons per minute)

for any use or disposal of extracted groundwater that does

not involve recharge of water back into to the aquifer from

which it was withdrawn. About 20 years would be required

i
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for removal of the contaminated groundwater at a continuous

pumping rate of 2,000 gpm. If the reclamation wellfield is

operated in conjunction with recharge of the water via

recharge wells, however, a withdrawal rate of about 4,200

gpm could be maintained. Preliminary wellfield design indi-

cates that about 10 years would be necessary for removal of

the contaminated groundwater at a continuous pumping rate of

4,200 gpm.

The operation of a reclamation wellfield will

result in drawdown impacts in the regional aquifer in the

area of AFP 44. Drawdown estimates based on preliminary

reclamation wellfield design indicate that after 20 years of

pumping without artificial recharge five feet of drawdown in

the regional aquifer might occur as far north as Drexel Ave-

nue. However, preliminary drawdown estimates based on com-

plementary reclamation and recharge wellfield designs

indicate that after ten years of pumping at 4,200 gpm, less

than one foot of drawdown in the regional aquifer would

occur north of Los Reales Road. In addition to achieving an

optimum pumping rate for the reclamation wellfield, artifi-

cial recharge of the aquifer would minimize drawdown

impacts.

Surface discharge of the water would require that

it be transported from the wellfield to a distribution point
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In developing these alternatives, the use of untreated water

for industrial and irrigation purposes was considered.

Extensive studies would be required to determine the fate of

the volatile organics TCE, TCA, and DCE in water used for

industrial purposes such as cooling towers, or as process

water for copper mines. The fate of the volatile organics

in the water used as irrigation water for golf courses or

agricultural crops would also have to be determined. Exten-

sive studies would be required to guarantee that secondary

contamination of the groundwater system would not occur

after industrial or agricultural use of the water. Expen-

sive control systems may need to be constructed to prevent

or limit such contamination. Transport of the water through

canals or pipelines to the point of use also creates an

opportunity for secondary contamination due to leaks,

breaks, or other integrity problems with the conveyance

structures during transport of the water. The Arizona

Department of Health Services (ADHS) regulations adopted

pursuant to Arizona statutes require the maintenance and

protection of surface and groundwater quality so as not to

impair the uses which have, are, or will be made of the

water for every purpose. The risks of secondary contam-

ination of the groundwater system inherent in transport and
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use of untreated groundwater appear to outweigh the economic

benefit of non-treatment of the water. Nevertheless,

several alternative disposal options for untreated ground-

water are discussed below in Section 1, although agricul-

tural uses are not included since it would be almost

impossible to prevent some contamination of water supplies

with this usage.

All of the following options that do not include

recharge via wells will require the expenditure of about

$1,654,461 in capital costs and $133,000 per year in operat-

ing and maintenance costs (1984 dollars) to build and oper-

ate a wellfield with a minimum of 17 wells, 5.8 miles of

collector pipeline, and necessary electrical feeders and

controls in the immediate vicinity of AFP 44 for a period of

at least 20 years. The method of operation of the wellfield

and the level of contamination to which the aquifer would be

restored would be the same for all of the disposal alterna-

tives discussed below.

1. Disposal of Untreated Groundwater

a. Direct Discharge to Public Sewer System

This alternative involves pumping the groundwater

to Pima County's Roger Road sewage treatment facility via a

pipeline as shown on Figure 3. The cost of constructing the

pipelines and pumping stations necessary for this alterna-

56



1C7

tive has been estimated at $4,300,000 and the annual operat-

ing cost would be about $800,000. The costs of any capital

improvements to the existing Roger Road Treatment Plant that

would be needed to handle the increased sewage flows and to

provide for any treatment required at that facility prior to

subsequent discharge of the water are unknown, and the costs

of acquiring necessary right-of-ways have not been calcu-

lated.

In the absence of treatment, the conveyance of

contaminated groundwater to the public sewer system would

create further disposal problems, most of which would only

increase risks of harm or threat of harm to the public

health and welfare and the environment. Failure to recharge

the aquifer from which the groundwater has been extracted

would also r-esult in a non-productive depletion of a water

resource and in undesirable water level declines in the

area. Such effects would be inconsistent with the goals and

requirements of the Tucson Active Management Area ground-

water management plan. These water level declines could

affect other water users in the area, and might affect other

groundwater remedial action programs undertaken downgradient

from AFP 44.

A permit to discharge to the Pitna County Waste-

water System and a Poor Quality Water Withdrawal Permit from
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the Arizona Department of Water Resources may be required.

Additionally, pipeline easements for approximately six (6)

miles of piping and lift station sites would have to be

acquired.

Construction of a pipeline to carry the untreated

groundwater to the Roger Road Treatment Plant is technically

possible without causing a significant impact on current

land use patterns or creating new major sources of air or

water•pollution. • However, since the pipeline would be

located $long the Santa Cruz River, there is a possibility

of flood damage to the pipeline sometime during the

projected 20-year lifespan of the project.

Dilution of the contaminants from the extracted

groundwater in Tucson's general sewage flow could reduce

their concentrations to acceptable limits. However, the

Director of the Pima County Wastewater Management Department

has indicated that the Department would not accept untreated

groundwater, and in any event, the treated wastewater from

the Roger Road facility is dumped into the Santa Cruz

riverbed and eventually recharges to the regional aquifer,

thus creating the possibility of secondary contamination.
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b. I.njectjjcin^f Untreated^Watej: to_ , _ a C n -

talnment Strata

This alternative would entail pumping the

extracted, untreated groundwater into a deep geologic strata

where containment would be assured. Precise cost figures

for this alternative are unknown. Nevertheless, the cost of

such recharging of untreated groundwater would be signif-

icantly higher than the cost associated with recharge of

treated groundwater into the same aquifer from which it was

withdrawn since this alternative would require construction

of wells into a deep geologic strata below the regional

aquifer system. Additional and potentially significant

costs might be required to locate a Suitable containment

strata.

This disposal alternative would obviously require

further hydrogeologic investigation in order to identify a

geologic strata into which the untreated groundwater could

be recharged without risk of contaminating usable aquifers.

Failure to recharge the aquifer from which the groundwater

had been withdrawn would also result in drawdown impacts in

the area of AFP 44, and could adversely affect other remedi-

al actions undertaken in the TIA area and other uses of the

aquifer downgradient . Although removal of contaminated

groundwater would provide for the immediate elimination of
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any further migration of the plume, this benefit is out-

weighed by the other adverse environmental impacts and costs

associated with this alternative.

Reinjection technology has been verified in prac-

tice. Nevertheless, in the absence of data as to the depths

and hydrologic parameters of deep strata into which the

untreated water would have to be recharged, if such an area

exists in the vicinity of AFP 44, the construction and oper-

ation of such a reinjection system could pose considerable

engineering difficulties. Furthermore, injection of the

contaminated groundwater could require an Underground

Injection Control Permit, as well as a permit from the

Arizona Department -of Health Services under the regulations

at A.C.R.R. § R9-20-200 et seq. and could be prohibited by

the substantive standards of such regulations altogether.

c. Solar Evaporation

The untreated groundwater extracted from the

aquifer could be discharged into holding basins for solar

evaporation. As a practical matter, an area of land suit-

able for such use is not available, especially since the

rate at which groundwater must be extracted would result in

a requirement for extremely large evaporation basins.
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**• ?isE°.-s_S:L .at-__a. Permitted Hazardous Wasjte

Treatment Facility

As is the case with solar evaporation, this alter-

native is also not practical. The nearest existing permit-

ted disposal sites are located in California. Recent amend-

ments to the Resource Conservation Recovery Act prohibit the

disposal of free liquids containing hazardous wastes in

landfills. In any event, the cost and logistics of trans-

portation associated with the scale of activity required

under this alternative are prohibitive.

2. Alternative Uses For Treated Groimdwater

Twelve alternatives for the surface discharge or

beneficial use of treated water from the proposed reclama-

tion wellfield are evaluated below. For most of the alter-

native uses, water which is currently being pumped from

existing wells could be replaced by water from the reclama-

tion wellfield. The reclamation wellfield cannot be pumped

at a rate less than 2,000 gpm and efficiently reclaim con-

taminated groundwater. Hence, any proposed water use must

be capable of accepting 2,000 gpm on a continuous basis.

Preliminary reclamation wellfield design and simulations

indicate that about 20 years of continuous pumping would be

necessary for aquifer restoration. Accordingly, another
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criterion for use of the treated water is an operational

life of at least 20 years.

A third criterion for an acceptable alternative

use is consistency with the substantive standards of the

Arizona Groundwater Management Act and the Tucson Active

Management Area groundwater management plan. Certain uses

could be prohibited by law and may be inconsistent with rel-

evant substantive standards. Certain surface discharge

alternatives might require or be inconsistent with the regu-

latory standards under the State Groundwater Protection Per-

mit. For discharge to a surface water source, consistency

of the use under the National Pollution Discharge Elimi-

nation System (NPDES) may be relevant.

The costs discussed earlier for constructing and

operating a reclamation wellfield would remain constant for

these alternatives. In addition, this alternative would

require the construction of a centrally-located groundwater

treatment plant at AFP 44. Capital costs of constructing

the treatment plant would be approximately $10,635,579, and

annual operating and maintenance costs for a 20-year period

would be $6,860,000 in 1984 dollars. These costs would also

be constant for all the alternatives except recharge. The

level of treatment and extent of aquifer restoration would

be the same for every treatment alternative to be discussed.
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a. Direct Discharge to Pima Coun_tv__Sewer

System

Subsequent to treatment, the extracted groundwater

would be pumped into the sewer system for transport to a

Pima County sewage treatment facility. Implementation of

this alternative would require construction of a pipeline

and pumping stations from the treatment plant to the main

trunk line of the sewer system which is located about six

miles northwest of AFP 44. (See Figure 3). The cost of

constructing the necessary pipelines and pumping stations

has been estimated at $4,300,000. Annual operating costs

for the water conveyance system are estimated to be about

$800,000. The cost of acquiring necessary right-of-ways for

the pipeline construction and sites for the pumping stations

have not been calculated.

The Director of the Pima County Wastewater Manage-

ment Department has indicated that the county probably could

not accept an inflow of 2,000 gpm because the county treat-

ment plant is currently operating at near capacity. Pursu-

ant to Pima County Industrial Wastewater Ordinance No.

1982-154 and No. 1983-5, the Director has set the acceptable

TCE, TCA and DCE treatment levels for discharge into the

sewer system. The Director has set the limit as

non-detectable as defined by the EPA (U.S. Environmental
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Protection Agency). The EPA approved Method 601 for analyz-

ing purgeable halocarbons defines non-detectable as 0.03

ug/1 (micrograms per liter) for TCA, 0.12 ug/1 for TCE, and

0.13 ug/1 for DCE. These limits for TCE, TCA and DCE are

lower than EPA's proposed standards for drinking water.

Discharge of water which meets or exceeds drinking water

quality into the sewer system would be neither

cost-effective nor consistent with the groundwater manage-

ment plan. Further aspects of this option are included in

the previous section on the direct discharge of untreated-

water to the sewer system. In addition, this plan has lit-

tle merit since the same end result of discharging to the

Santa Cruz riverbed could be accomplished closer to AFP 44

at lower cost.

b. Industrial Use By Tucson Electric Power

Company Irving Road Station

Treated groundwater from the reclamation wellfield

would be pumped to the Tucson Electric Power Company

(TEPCO), Irvington Road Station for use as cooling water.

TEPCO currently pumps water from wells at the Irvington Road

Station to supply the water needs at the site. The majority

of this pumping could be replaced by water from AFP 44.

Pumping would have to continue from the TEPCO wells for

domestic supply at the Irvington Station.
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Implementation of this alternative would require

construction of a pipeline and pumping stations from AFP 44

to the TEPCO site, a distance of about six miles. The cost

of constructing the necessary pipelines and pumping stations

has been estimated to be $3,500,000, Annual operating costs

for the water conveyance system are estimated to be about

$400,000. Pipeline easements and sites for the pumping

stations are not included in these estimates.

The total dissolved solids (TDS) content of the

groundwater beneath AFP 44 is, in general, greater than the

TDS of the water from the Irvington Station wells. This

fact might result in greater water consumption at the

Irvington Station as the water could be circulated through

the cooling towers fewer times. Water from the Irvington

Station is eventually discharged to the county sewer system.

Mr. R.W. Sarau, Assistant Vice President for Power Produc-

tion at TEPCO, has stated that TEPCO believes this alterna-

tive impractical and unwarranted.

c. Industrial Use Jay AFP 44

Treated groundwater from the reclamation wellfield

could be used to supply industrial water for AFP 44. This

use would replace pumping from City of Tucson wells current-

ly supplying water to AFP 44.
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Implementation of this alternative would require

construction of pipelines on site. (See Figure 4). The

cost for constructing pipelines has been estimated at about

$130,000. Annual operating and maintenance costs are esti-

mated at about $15,000.

The industrial water requirements of AFP 44 have

been significantly reduced by the operation of AFP 44's

Industrial Wastewater Treatment Plan which recycles approxi-

mately 75% of all industrial process waters. Accordingly,

AFP 44's .demand would be for only about 310 gpm of the 2,000

gpm which would be produced by a reclamation wellfield oper-

ating without recharge wells. It would be inconsistent with

the goal of aquifer reclamation to pump the the wellfield

only at the rate at which AFP 44 could use the water. To

implement this alternative, an additional use for the major-

ity of the pumped water would be required.

d. Industrial Use by ASARCO Copper Mine

Treated groundwater from the reclamation wellfield

could be pumped to the ASARCO pumping station for industrial

use at the ASARCO copper mine. Wells currently being pumped

by ASARCO for industrial water supply could be retired.

Implementation of this alternative would require construc-

tion of a pipeline and pumping stations to ASARCO's pumping

station located at Pima Mine Road and U.S.Interstate 19, a
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distance of about 7.5 miles. (See Figure 5). Water from

the reclamation wellfield would be connected to the existing

18-inch pipeline which pumps water to the mine for process

water, dust control and fire protection. A second smaller

diameter pipeline would be constructed to the ASARCO plant

site to transport water from existing ASARCO wells for

domestic uses. The second pipeline would be about 3.5 miles

long, and would also require a pumping station.

The cost of constructing the necessary pipeline

and pumping stations has been estimated to be about

$5,700,000, The annual operating and maintenance costs have

been estimated at about $800,000. The costs for acquiring

the necessary right-of-ways and sites for pumping stations

have not been estimated.

Historic water use at the ASARCO mine has been

about 3,500 gpm. However, the 20 year reliability of a con-

tinuous water demand for the copper mine is questionable.

e. Irrigation Use by Farmers Investment

Company

Treated groundwater from the reclamation wellfield

would be pumped to Farmers Investment Company (FICO) distri-

bution system for use as irrigation water on FIDO's

Sahuarita Farm. About 13 percent of the water currently

pumped by FICO could be replaced by water from AFP 44.
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Implementation of this alternative would require construc-

tion of a pipeline and pumping stations from AFP No. 44 to

the FICO distribution system located in the northeast 1/4 of

Section 3, Township 19 South, Range 13 East, a distance of

about 21 miles. (See Figure 6)

The cost of constructing the pipeline and pumping

stations has been estimated to be about $11,400,000. Annual

operation and maintenance costs have been estimated at about

$2,300,000. The cost for acquiring pipeline easements and

sites for, pump stations are not included in these cost esti-

mates .

Water demand for irrigation use at Sahuarita Farms

would not be continuous as water use is minimal for three or

four months every year. Significant new irrigation uses of

groundwater would be inconsistent with the provisions of the

AGMA and the TAMA groundwater management plan. In addition,

the guaranteed continuation of water demand for 20 years

could be questionable due to the pressures of urban expan-

sion.

f. Irrigation Use by Papago Indian San

Xavier Reservation

Treated groundwater from the reclamation wellfield

would be pumped to the San Xavier Reservation distribution
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system for use as irrigation water on the reservation.
Water currently pumped from the reservation for irrigation

use could be replaced by water from AFP 44. Implementation

of this alternative would require construction of a pipeline

and pumping station from AFP 44 to the San Xavier distribu-

tion system located in the northwest 1/4 of Section 2, Town-

ship 16 South, Range 13 East, a distance of about five

miles. (See Figure 7).

The cost of constructing the pipeline across thef
Santa Cruz River and the pumping station has been estimated

to-be about $2,800,000. Annual operation and maintenance

costs have been estimated at $450,000. The costs for

acquiring pipeline easements and a site for the pumping sta-

tion are not included in this cost estimate.

Use of the reclamation we11fieId water for irri-

gation of crops would be seasonal and would not meet the

criterion of continuous use. The reclamation wellfield must

be pumped continuously to effectively curtail migration of

contaminants downgradient.

g. Irrigation Use for Golf Courses

Treated groundwater from the reclamation wellfield
t

would be pumped to two golf courses for irrigation use. The

golf courses considered for this application are the golf

course at Davis-Monthan Air Force Base, and the City of
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Tucson Fred Enke Golf Course. Water currently being pumped

for these uses could be replaced by water from AFP 44.

Implementation of this alternative would require construc-

tion of a pipeline and pumping stations from AFP 44 to the

golf course water distribution systems. For the

Davis-Monthan Golf Course, the point of use is T. 14 S., R.

14 E. , Section 36, and for the Fred Enke Golf Course, the

point of use is T. 14 S., R.. 15 E. , Section 33. (See Figure

8). The Fred Enke Golf Course is about 13 miles from the

site of t;he proposed treatment plant at AFP 44. About 22

.miles of distribution pipeline would be needed to distribute

water to both golf courses and to satisfy pipeline

right-of-rway requirements. . '

The cost of constructing the pipeline and the

pumping stations has been estimated to be about $3,700,000.

Annual operation and maintenance costs have been estimated .

at about $250,000. The cost estimate does not include

acquisition of pipeline easements or sites for the pumping

stations.

Disruption of traffic and lifestyles would occur

in south-central Tucson during construction since the pipe-

line-would traverse urban areas and.arterial roadways.

Acquiring right-of-ways and coordinating with other utili-
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ties in an urban area such as this would be very expensive

and time consuming.

The combined water use for both golf courses is

about 600 gpm, or less than one-third of the water which

would be pumped by a reclamation wellfield without recharge.

Irrigation water is not applied continuously to the golf

courses, hence storage facilities would be necessary. Irri-

gation use for golf courses would not satisfy either the

criterion for continuous demand or the criterion of suffi-

cient water demand for an alternative use for the reclama-

tion wellfield water.

h.. Recreational Use for the'Proposed Santa

Cruz River Park

Treated groundwater from the reclamation wellfield

would be pumped to a recreational impoundment along the

Santa Cruz River. The Santa Cruz River Park is scheduled

for completion to Ajo Road by 1989. Implementation of this

alternative would require construction of a pipeline and

pumping station from AFP 44 to a recreational impoundment

downstream from Ajo Road'. (See Figure 9).

The cost of constructing the pipeline and the

pumping stations has been estimated to be about $4,700,000.

Annual operation and maintenance costs are estimated at
about $540,000. The cost of acquiring pipeline easements
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and sites for construction of the pumping stations has not

been included.

The master plan for the Santa Cruz River is to

complete the park system to the San Xaviar Reservation. It

is -anticipated that the southernmost section of the park

will be completed by 1994. The possibility of changing the

construction order of the park matrices for utilization of

reclaimed water in a southern section of the park was con-

sidered. Further evaluation of the Santa Cruz River Park

alternative ceased in June, 1984 after the. City of Tucson

Water and City of Tucson Parks and Recreation Departments

held a meeting to discuss the potential use of reclaimed

water from AFP No. 44 for the Santa Cruz River Park. Their

conclusions were: (1) 2,000 gpm would be less than required

for water recreation opportunities; (2) major storage facil-

ities would be required for effective use as irrigation

water for the park; (3) reclaimed effluent will tentatively

be available for the park in about '1989 providing the same

benefit to the park on a long-term basis; and, (4) water

quality at the target treatment levels could offer greater

benefits at lower cost for other uses.
, . * ' -- -

i. Groundwater Recharge to the Santa Cruz

River . • '

Treated groundwater from the reclamation wellfield
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would be pumped to the Santa Cruz River and allowed to

percolate into the river bed to recharge the regional

aquifer. Implementation of this alternative would require

construction of a pipeline from AFP 44 to the Santa Cruz

River. (See Figure 10).
: The cost of constructing the pipeline has been

estimated to be about $2,100,000. Annual operation and

maintenance costs are estimated at about $290,000. The cost

of acquiring pipeline right-of-ways has not been included in

this cost estimate.

The use of the reclaimed water for surface dis-

charge into the Santa Cruz River and subsequent recharge of

the regional aquifer would require a recharge efficiency

analysis from the ADWR, A NPDES Permit may also be

required. Discharging water of drinking quality into the

Santa Cruz River is not consistent with the State's ground-

water management plan because more efficient methods of

aquifer recharge can be implemented at comparable costs.

j. Drinking Water Supply For Davis-Monthan

Air Force Base

Treated groundwater from the reclamation wellfield
f *

would be pumped to Davis-Monthan Air Force Base for use as

drinking water. The water from wells currently pumped to

supply drinking water at the Air Force Base could be
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replaced,by the reclaimed water. Implementation of this,

alternative would require construction of a pipeline and

pumping stations from AFP 44 to the Davis-Monthan drinking

water system. The distribution point would be a 12-inch

pressurized pipeline at Craycroft and Comanche in Section

26, T. 15 S., R. 14 E. (See Figure 11). .

. The cost of constructing the .pipeline and the

pumping stations has been estimated to be about $3,900,000.

Annual operation and maintenance costs arfe estimated at

about $38.0,000. The cost of acquiring pipeline easements

and sites for construction of the pumping stations has not

been included.

Disruption of traffic patterns and lifestyles

would occur in south-central Tucson during construction

since the pipeline traverses urban areas and arterial

roadways. .

'Davis-Monthan Air Force Base currently has grand-

fathered rights to. about 2,500 acre-feet per year. Water

demand at the Base is only about 1,550 gpm. As 2,000 gpm

could not be used on a continuous basis at the Air Force

Base, storage facilities would have to be constructed.
f

Water demand at the Base would not satisfy'either the crite-

rion of continuous demand, or of sufficient demand for an

alternative use for reclamation wellfield water.
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k. Municipal Water Supply For the _

Tucson

Treated groundwater from the reclamation wellfield

would be pumped to a distribution point in the City of

Tucson Water Department pipeline for use1,in the- municipal

.water supply. Water currently pumped from City of Tucson

Water wells could be replaced by water from the AFP 44 rec-

lamation wellfield. Implementation of this alternative

would require construction of a pipeline'to City of Tucson

well SC-7. (See Figure 12).

The cost of constructing the pipeline has been

estimated to be about $700,000. Annual operation and main-

tenance costs are estimated at about $110,000.

The City of Tueson Water distribution system at

well SC-7 can accommodate 3,000 gptn. Interruptions to the

flow of water'into the City system would be acceptable if

advance notice were given to City of Tucson systems opera-

tors. Tucson Water would require some guarantee that all

federal, state and county regulations for drinking water

standards would be met for the life of the wellfield.

After reviewing prior drafts of this Remedial

Action Plan for AFP 44, a1letter was received from Tucson

Water which endorsed the alternative of recharging the

reclaimed water via wells. , The reasons stated were: (1) to
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simplify legal considerations; (2) to minimize the drawdown

impact north of Los Reales Road where the Tucson Groundwater

Contamination Task Force is investigating groundwater con-

tamination; and, (3) to permit the most -rapid implementation

of a remedial action at AFP 44.

1 . Groundwater Recharge by Percolation

Ponds

Treated groundwater from the reclamation wellfield

would be pumped to percolation ponds qn AFP 44 for recharge

to the regional aquifer. Implementation of this alternative

would require construction of about 25 acres of' percolation

ponds and pipelines from the treatment plan to the ponds .

The cost of constructing the ponds and pipeline
e

distribution system has been estimated to be about

$3,600,000. Annual operation and maintenance costs are

estimated at about $300,000. Compliance with the substan-

tive standards of the State Groundwater Protection Permit

program and NPDES regulations might be necessary.

The percolation ponds would be built on AFP 44 and

could only be built in areas that would not conflict with

existing facilities or planned new construction. The

recharge efficiency of ponds on AFP 44 would probably be

poor due to the overall low permeability of the alluvial

sediments occurring above the water table at the plant site.
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The recharge efficiency of the ponds would decrease with

time due to the clogging effects of algae growth and

sedimentation. The ponds would have to be dried out and

scraped periodically. Evaporation from the ponds would also

occur. The percolation ponds do not provide an optimal

recharge system as they would only provide limited miti-

gation of the drawdown impacts in the regional aquifer.

m. Direct Recharge Water Use Alternative

For evaluation of the direct recharge alternative,

the first; two of the three criteria used for evaluating

treated groundwater alternatives do not apply. The pumping

rate for the reclamation wellfield can be increased to 4,200

gpm as the aquifer can sustain higher pumping rates with the

recharge wells operating. The recharge well alternative

would be able to accommodate the 4,200 gpm as the reclama-.

tion and recharge wellfields would be designed concurrently

to provide optimum withdrawal and recharge rates for the

system. ' The total operating time of the reclamation system

can be reduced as compared to the surface discharge alterna-

tives, thus providing for a faster clean up. The opera-

tional life of the recharge well system would be the same as

the reclamation wellfield system. Recharge wells have a

long history of use in both groundwater management and

petroleum recovery.
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•The third criterion for evaluating the alterna-

tives, consistency with the State's groundwater management

plan, will also be satisfied by the direct recharge alterna-

• tive since this program would minimize drawdown impacts,

contribute to the attainment of safe-yield and help prevent

further degradation of groundwater quality.

Treated groundwater from the proposed reclamation

. wellfield would be pumped to a system of recharge wells

located on or adjacent to AFP 44, Implementation of this

alternative would require construction of about 16 recharge

wells and the distribution pipelines from the treatment
r . ' - . .

plant' to the wells.

The cost of constructing the necessary pipelines

• and recharge wells has been estimated at about $2,600,000.

'Annual operating and maintenance' costs are estimated at

about $110,000.

For construction and operation of the recharge

•wells, an underground injection control permit from the EPA

may be' necessary. The recharge well alternative is consis-

tent with the State's groundwater management plan as the

,. drawdown impacts to existing and'potential water users would

be minimized.
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E. Cost and Feasibility Comparisons

Tables 2 and 3 provide comparisons of the costs

and technical feasibilities of all the remedial possibil-

ities that .have been previously considered. The following

two sections explain how these tables were derived; and

tables 5 through 15 plus the report Conceptual Study for

Treatment of Reclaimed Water at USAF Plant Ho. 44 Phase III

Results, Malcolm Pirnie, Inc.,, February, 1984, all in the

Appendix, break down the listed expenditures of-table 2 in

much greater detail.

1. The table "Project Alternatives Cost Compar-

ison Sheet" has been designed to allow a rapid comparison of

the total costs of all the project alternatives while still

providing as much detail as possible on the derivation of

these costs;

Question marks have been inserted where data are

not adequate to estimate costs. The amount of water in gal-

lons -per-minute that each alternative is designed for is

determined by hydrologic limitations on the maximum

long-term pumpage rate. Those alternatives with less than a

2,000 gpm rate are limited by their specific usage and would

have to be combined with another alternative to provide a

system with the ability to distribute 2,000 GPM or more.

For this reason, those costs-that would be duplicated in
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TABLE 3

TECHNICAL EVALUATION OF PROJECT ALTERNATIVES

PROJECT ALTERNATIVE

NO ACTION
CONTAINMENT BY IMPERV. BARR.
WITHDRAWAL WITHOUT TREATMENT

DI5CH. TO PUBLIC SEWER SYSTEM
REINOECTION OF UNTREATED WATER
SOLAR EVAPORATION
DISPOSAL AT A PERMITTED
HAZARDOUS WASTE TREATMENT FAC. .

WITHDRAWAL WITH TREATMENT
DISCH. TO PUBLIC SEWER SYSTEM
AFP 44"INDUSTRIAL USE
IND. USE BY ASARCO COPPER'MINE
IRRIGATION BY FARMERS INVEST. CO.
IRRIGATION BY PAPAGO INDIANS
IRRIGATION BY GOLF COURSES
RECREATIONAL WATER USE' AT PARK
RECHARGE TO SANTA CRUZ RIVER
DOMESTIC USE BY DAVIS-MONTHAN
DOMESTIC USE BY CITY OF TUCSON
RECHARGE THRU PERCOLATION
RECHARGE THRU RECHARGE WELLS

FORMANCE

1
1

1
1
2

1

2
1
3
2 ,
3
1
3
3
2
3
2
5' :

RELIABILITY

5 -
1

3
2
2

2

3
4
2
2
2
2
3
4
3
5
2

; • • 4- | • • : • •

IMPLEMENT-
ABILITY

5
1 .

2
1
1

i -

2 '
5
3
2
4
2
2
4
2
5
3
4

SAFETY

1 '
1

2
2
2

2.

3
2
3
3
4
2
3
4
2
4
4
5, !

TOTAL

12
4

8
• 6
7

6

10
12
11
9
13
7

11
15
9

17 ron o
18 *"*;
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such a combined system are not shown, nor are the total

costs for those alternatives. An economic assumption has

been made that the rates of inflation and return on invest-

ment would be approximately equal over the lifetime of these

projects. This greatly simplifies the computations of costs

in constant 1984 dollars.

A detailed description of each column listing fol-

lows:

a. Capital for Reclamation Wellfield. This

column shows the cost for design and construction of the

groundwater reclamation wellfield. This cost includes well

construction and development, pumps, variable frequency

drives (VFDs), buildings at the well sites, an interconnect-

ing system of pipelines, electrical power supply construc-

tion, and all other equipment required to extract

groundwater at a rate of approximately 2,000 or 4,200 gal-

lons per minute and deliver it to the treatment plant. The

higher design pumping rate will require a more complex rec-

lamation wellfield.

. b. Capital For Treatment Plant. This is

the cost for design and construction of a treatment plant to

remove contaminants from the water delivered by the reclama-

tion wellfield. The treatment plant cost includes the car-

bon adsorption system, stripping columns, chemical mixing
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tanks, pressure filters, clearwell, clarifiers, tanks, fil-

ters, compressors, presses, control building, control com-

puter, pumps, VFD's, interconnecting piping, electrical

power supply, and all support materials required to treat

the water and reduce concentrations to the target treatment

levels.

c. Capital For Water Disposal System. This

is the cost for design and construction of the water dis-

> posal systems to deliver the treated water to the specified

application. This cost includes all piping from the treat-

ment plant to the site of water disposal, pumping booster

stations (pumps, VFD's, building)\ electrical power supply

and other, equipment required to deliver water to the site.

The "Recharge through Percolation" alternative includes the

construction of percolation ponds and the "Recharge Through

Recharge Wells" alternative includes well construction and

development costs.

d. A+B+C Total Capital Investment. This

column shows the sum of Columns A, B and C, arid is the total

cost for design and construction of all the facilities

needed fo.r each application.

e. Lifetime (20 years) Operating Costs for

the Reclamation Wellfield in 1984 Dollars. This is the

amount required to run the reclamation wellfield for 20
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years witfh no cost escalation and includes electric power,

maintenance and operator's labor, and replacement or repair

of all equipment in the reclamation wellfield.

f. Lifetime (20 years) Operating Costs For

the Treatment Plant System in 1984 Dollars. This is the

amount required to run the treatment plant for 20 years with

no cost escalation and includes electric power, chemicals,

maintenance and operator's labor, sludge disposal, and

replacement or repair of all equipment in the treatment

plant. , •

g. Lifetime (20 years) Operating Cost of

the Water Disposal System in 1984 Dollars. This is the

amount required to run the water disposal system for 20

years with no cost escalation and includes electric power,

maintenance and operator's labor, and repair or replacement

of all equipment in the system.

h. Total Lifetime (20 years) Operating

Costs in 1984 Dollars. This is the sum of Columns E, F and

G and is the total cost for maintaining and operating the

reclamation wellfield, treatment plant, and water disposal

systems with no cost escalator.

i. D+H Total Cost in 1984 Dollars. This

column shows the total cost of design, construction, operat-
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ing and maintenance of each .of the alternative systems for

20 years with.no cost escalation.

2. The table "Technical Evaluation of Project

Alternatives" quantifies the preceding discussions on the -

project alternatives by ranking each option on a l-to-5

scale in the following categories:

a. Performance. A score of 5 indicates the

highest level of feasibility to solve the stated problem in

the most efficient, cost-effective, and timely manner possi-

ble.

b. Reliability. A high Score would relate

to both the mechanical and structural dependability of the

system and the projected consistency of use of the water

.disposal option.

c. Implementability. The high score would

be for a system that demonstrated a relative ease of instal-

lation with few technical difficulties or disruptions of

community activities. A system that would be operational

quickly would also receive a higher score.

d. Safety. A score of 5 would indicate

both the least hazardous system to workers and the community

during construction and operation and the lowest.risk to the

community over the long term.
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F. Summary of Alternative Uses and Conclusions

The "no action alternative" is not acceptable

since other remedial options are available which would

produce greater benefit than harm.. The construction of

impermeable containment barriers to minimize or prevent fur-

ther migration of contaminants likewise appears unacceptable

since the cost and engineering difficulties may be prohibi-

tive given the hydrogeologic conditions in the vicinity of

AFP 44, and since this alternative would not result in a

restoration of the groundwater resource. The alternative of

not treating extracted water creates a variety of disposa.1

problems and other potential adverse environmental impacts,

including unnecessary drawdown impacts on the regional

aquifer, which far outweigh the benefits gained from merely

withdrawing and disposing of contaminated water without

treatment.

Since the "no action" and "no treatment" alterna-

tives, including plume containment alternatives, raise sub-

stantial environmental, engineering feasibility and/or

cost-effectiveness concerns, only those alternatives which

entail treatment of contaminated water will receive further

detailed analysis.

As to the potential use alternatives for treated

water discussed above, irrigation use for golf courses.
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drinking water supply for Davis-Monthan Air Force Base, and

industrial use by Hughes Aircraft Company each have insuffi-

cient water demand... Irrigation use of the treated water for

agricultural purposes at FICO's Sahuarita Farms or at the

San Xavier Reservation will not receive detailed analysis

because of their seasonal demand for the water and because

irrigation uses are potentially inconsistent with or pro-

scribed by the Arizona Groundwater Management Act and the

TAMA groundwater management plans. Industrial use of the

treated water by ASARCO's copper mine is not a viable alter-

native because continued water demand for 20 years cannot be

assured. Industrial use by TEPCO, recreational use by the

Santa Cruz River Park, and municipal use by the City of

Tucson are not favored by the companies or agencies

involved. In any event, all of the potential 'alternative

uses for treated water, whether considered individually or

collect ively, have the _addit_iqnal_disadyantiagje , o f doub 1 ing

the required operating life of the reclamation program since

the maximum groundwater extraction rate is dramatically

reduced in the \absence_ of aqui f er re char geT ]

Direct discharge to the sewer system of the

treated water is not a viable alternative, as. treatment of

the water to target treatment levels for discharge into the

sewer-system is not consistent with the State's groundwater
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management plan. Direct discharge to the Santa Cruz River

and recharge by percolation ponds are not consistent with

the State's groundwater management plan, especially since

more efficient methods of recharge are available at compa-

rable costs.

Direct recharge of treated groundwater to the

regional aquifer via recharge wells is the preferred alter-

native. The recharge well alternative is cost-effective,

ranking third in initial capital investment and second in

life of project costs among the withdrawal,with treatment

options. (Table 2). The technical evaluation (Table 3)

also illustrates the overall advantages of this choice. The

alternative of direct recharge via wells would accomplish

groundwater cleanup in the least amount of time, and with

the least drawdown impact in the regional aquifer system.

This alternative is consistent with the State's groundwater

management plan and is also the only alternative to be

endorsed by both the EPA and City of Tucson Water Department

for implementation at AFP 44. •

In light of the preceding initial screening of

remedial alternatives, the reclamation, treatment, and

recharge alternative receive detailed evaluation in the fol-

lowing section.
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VII. ANALYSIS AND CONCEPTUAL DESIGN OF A GROUNDWATER RECLA-

MATION. TREATMENT AND RECHARGE SYSTEM

This section provides further evaluation of

groundwater reclamation, treatment and recharge alterna-

tives, and presents a conceptual design for such a program.

Substantive standards and guidelines developed in the

National Contingency Plan, the USAF Installation Restoration

Program (IRP), the National Environmental Policy Act, and

other relevant federal, state and local environmental stat-

utes and regulations are followed and considered. Detailed

cost-effectiveness, non-cost criteria and public health ana-

lyses, as specified in the IRP, have already been discussed

at some length in Section VI.

A. Groundwater Reclamation and Recharge Wellfields

Reclamation and recharge-wellfields have been

studied, designed and field tested as an interactive unit in

order to maximize the timeliness and cost-effectiveness of

their operation. The first step in this process was devel-

opment of a comprehensive understandings of the hydrogeo-

logic characteristics or that portion of the regional

aquifer where remedial actions are intended and of the man-

ner in which the area of contamination is affected by the

regional hydrologic system. Furthermore, knowledge of the

specific chemical nature and concentrations of all contam-
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inants that have been, introduced into the area of concern

has been acquired. Extensive remedial investigations and

studies of the groundwater contamination and the

hydrogeology at AFP 44 have been conducted (as discussed in

Sections II and II). The results of these efforts have been

assimilated into & computer model of the hydrogeology at AFP

44 which projects the effects of different conceptual well-

field designs.

The report Conceptual Study for Treatment of

Reclaimed. Water at TJSAF Plant No. 44 Phase. Ill Results,

Malcolm Pirnie, Inc., February 1984, presents an initial

conceptual wellfield design that was developed in 1983 based

on the data available at the time. Although more recent

data requires some adjustment to that preltninary design,

that design is still generally valid for most areas at AFP

44. For this reason, together with the fact that that

report contains a detailed analysis of engineering require-

ments for the wellfields, the cost elements developed there

were used for the Cost Comparisons Sheet (Table 2). How-

ever, data that has been acquired since 1983 regarding con-

taminant concentrations to the northwest of AFP 44 (as

discussed in Section II) has made that reports' wellfield

location design obsolete in certain respects.
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The following subsections amplify and amend the

detailed analysis and conceptual design of the wellfield

presented in the Malcolm Pirnie report in order to account

for the most recent data available.

1. Design of Well Locations and Operation

A new reclamation and recharge wellfield system

has been recently designed. (Design of Reclamation Well-

field, U.S. Air Force Plant No. 44, Tucson, Arizona, Hargis

& Associates, Inc. March 15, 1985.) Approximately 19

extraction, wells would be constructed at or near the loca-

tions shown on Figure 2. Fifteen of the extraction wells

would be designed to pump contaminated groundwater from the

upper zone of the regional aquifer, and four wells would be

designed to pump the more limited area of contaminated

groundwater from the lower zone. Approximately 16 injection

wells would be located primarily along the periphery of the

plume (Figure 2). All but two of these injection wells

would be completed solely in the upper aquifer zone.

Although the conceptual design of the wellfield has been

finalized, the precise number and exact location of wells,

and the discharge and recharge rates for individual wells in

the system could change in response to hydrogeologic condi-

tions encountered during actual drilling operations at the

proposed well sites.
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Contaminated groundwater will be pumped from the

aquifer via the extraction, wells to the treatment plant, and

then discharged to the aquifer after treatment via the

recharge wells. The reclamation wellfield has been designed

to minimize any further migration of the plume, to assure

capture of the plume, and to minimize the time required to

reclaim contaminated water. The recharge wells have been

designed and located to control groundwater gradients and

stabilize the plume, to minimize regional water level

effects qf the reclamation system, to prevent any excessive

water level declines in the vicinity of extraction wells in

order to maintain well discharge rates, and to minimize any

interference with other remedial actions that may be imple-

mented north of Los Reales Road. {*
The reclamation wellfield was initially designed

based on the location of the plume and known hydrogeologic

conditions, including direction of groundwater movement, and (
i

lithologic and hydraulic characteristics of the aquifer. A '

fine-grid groundwater flow computer model was developed to I

"fine-tune" the design of the wellfield, to estimate optimum

pumping and injection rates at individual wells, to assure

capture of the plume, to predict regional water level

impacts, and to estimate required clean-up times. The com-

puter program which was selected for this groundwater flow
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model is described in Techniques of Water Resources Investi-

gations of The United States Geological Survey, Book 7,

Chapter Cl (Trescott, Finder and Larson, 1976). This

two-dimensional finite-difference model was designed to sim-

ulate the response of a wide variety of aquifers to hydrau-

lic stresses, and is suitable for application to the

unconfined, heterogeneous aquifer in the area of the pro-

posed reclamation wellfield.

Computer simulations indicate th'at the optimum

sustained pumping rate of the extraction wells would be

about 4,000 gpm from the upper zone of the. regional aquifer

and 130 to 185 gpm from the lower zone. Individual well

pumping rates will probably vary between 150 and 400 gpm for

upper zone wells, and between 25 and 50 gpm for lower zone

wells. The composite concentrations of TCE, TCA, DCE , and

chromium that would be discharged to the treatment system at

the commencement of pumping are estimated to be 400 ug/1, 5

ug/1, 85 ug/1, and 0.06 mg/1, respectively.

Computer simulations indicate that approximately

10 years will be required for operation of the majority of

the wells in the reclamation wellfield, and that after this

period, less than one foot of drawdown would occur north of

Los Reales Road. Approximately two to five pore volumes of

groundwater would be removed and treated from the area dur-
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ing 10 years of wellfield operation. After 10 years of

operation, it is possible that small localized zones of con-

taminated groundwater would remain which would require oper-

ation of selected extraction and recharge wells beyond 10

years.

The actual effects of the reclamation system on

water levels and the reduction of contaminant concentrations

will be determined through systematic monitoring of the

extracted groundwater quality and by monitor wells located

in and adjacent to the area of remedial activity. Final

designs of the monitoring program will be developed after

completion of the exact engineering design and specifica-

tions of the wellfield.

2. Design of Engineering Aspects

The pipelines and electrical conduits for the

wellfields discussed above have not yet been designed for

the current plan. However, their general routing and con-

struction materials will be similar to the detailed analysis

in the Malcolm Pirnie Reports since the number of wells and

their locations are approximately the same. Land leases for

well locations and right-of-way privileges will need to be

acquired on Papago Indian Reservation and Tucson Airport

Authority properties. In addition, a major gas pipeline,
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railroad property, and the Nogales Highway will need to be

crossed in several locations.

Figures 14 and 15 show schematic diagrams of pro-

posed wellhead construction. A deaerator unit will be added

at each recharge well to prevent the introduction of dis-

solved gasses into the aquifer which could cause clogging of

the well.

The proposed reclamation and recharge wellfield

design is based on known and proven technologies. Construc-

tion of this system presents no peculiar engineering diffi-

culties, and the completed system would be a reliable-means

of assuring continued extraction and recharge of groundwater

throughout the estimated operational lifetime of this pro-

gram. Furthermore, the proposed wellfield is designed to

minimize drawdown impacts in the aquifer, and not to alter

groundwater gradients outside of the program area. Actual

operation of the system would not create any significant

known or anticipated additional adverse environmental

impacts, and routine inspection and maintenance of the sys-

tem will be performed to verify that result. Every phase of

this system's design and implementation has been and will

continue to be coordinated with relevant federal and state

agencies to assure these results.
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will effectively attain the objectives identified in Section

V of this document in all relevant areas south of Los Reales

Road.

B. Groundwater Treatment Alternatives

Various groundwater treatment alternatives are

analyzed in the report, Conceptual Study for the Treatment

of Reclaimed Water at USAF Plant No. 44, Phase I & Phase II

Results, Malcolm Pirnie, Inc., September 1983. This report

describes, pilot and bench scale tests that, were conducted to

evaluate several treatment technologies, compares the

results obtained from these testings, and develops a concep-

tual design for a groundwater treatment facility. Their

recommendations for use of a packed column aeration process

to remove volatile organic compounds and a chemical

reduction/precipitation process with ferrous sulfate to

remove chromium are still being included in the current

study. However, a new ion-exchange method for chromium

treatment (also discussed in the Malcolm Pirnie analyses)

has been further evaluated during the Pilot Reclamation

Project discussed below and will be used as a substitute for

reduction/precipitation.

Since the area at AFP 44 of combined chromium and

volatile organic contamination in the regional aquifer is
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less than half of the total area containing volatile organic

contaminants, the extracted groundwater that contains only

volatile organic compounds will be kept separate in the

pipeline and treatment systems so that it will only need to

undergo the air stripping process to attain the target

treatment levels. Therefore, the chromium treatment process

will be designed to a capacity somewhat less than 4,200 gpm

since it will be receiving only the portion of water that is

contaminated by chromium. The air stripping process will be

used to treat all the water to be reclaimed at AFP 44. Fig-

ures 16 and 17 show the conceptual location and site plans

for the central treatment facility.

C. Pilot Reclamation Project

A pilot reclamation project, a small scale version

of the proposed remedial alternative was placed into opera-

tion in April 1985 to evaluate well design and operations,

hydraulic and contaminant-transport responses of the aquifer

to sustained pumping, contaminant monitoring methods, and

the efficacy of the proposed air-stripping and chromium

ion-exchange treatment systems.

During the pilot program, groundwater has been

pumped from two reclamation wells, El and E2 (Figure 2),

treated in a small treatment facility near well El, and

recharged back into the regional aquifer through wells II
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and 12. The data obtained from this field operation have

confirmed the efficacy of the proposed reclamation, treat-

ment and recharge remedial alternative. Specifically, the

pilot plant has demonstrated the ability: 1} to attain the

target treatment levels for TCE, TCA, DCE and chromium; and,

2) to handle and treat the trace levels of other contam-

inants that have been found in the plume, including toluene,

1-2 dichloroethane, chloroform and 1-2 dichloropropane.

D. Master Schedule

. The time to implement the Remedial Action Plan is

expected to be twenty-nine (29) months from the go ahead

date. The following schedule (Table 4} shows the estimated

sequence and duration of events.
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E« Scope, of the Project.

As described in Section III, significant investi-

gative and analytic efforts have been undertaken by the USAF

to define completely the nature of groundwater contamination

south of Los Reales Road and to obtain the necessary under-

standing of the hydrogeologic conditions in that area. The

information obtained about that area during the last four

years has allowed for the development and design of a pro-

posed remedial action which can effectively treat the types

of contaminants and volume of water found in that area, and

which can also prevent the highest contaminant concen-

trations of the AFP 44 plume from migrating to the area

north of Los Reales Road.

In 1983t the USAF and members of the AFP 44 TRC

concluded that the USAF should focus its efforts in the area

south of Los Reales Road based on the determination that

available evidence supported the conclusion that contam-

inants from AFP 44 had not migrated north of that vicinity.

Accordingly, the FIT team undertook the responsibility for

investigating groundwater conditions and contaminant sources

for the area north of Los Reales Road, and for analyzing

remedial alternatives which might be appropriate for imple-

mentation in that area. The FIT investigation is nearly

complete; its analysis of remedial alternatives is on-going.
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' Based on the data obtained during 1984, the USAF

concluded that the low concentration, forward edge of the

AFP 44 contaminant plume had migrated slightly north of Los

Reales Road, intermingling with a zone of preexisting con-

tamination just north of Los Reales Road caused by sources

other than AFP 44. As noted above, this is the area under

FIT team investigation and analysis.

The groundwater reclamation project proposed here

is directed at the area south of Los Reales Road where the

source of, contamination is known to have originated predomi-

nantly from AFP 44. The nature and extent of the contam-

ination present there are also known to be treatable under

the processes proposed. Delay in the implementation of the

program could result in further migration of high levels of

contaminants into the area of the Superfund study for which

the appropriate remedial alternatives have not yet been

identified.

Accordingly, it is the USAF's belief that the pro-

posed reclamation program for the area south of Los Reales

Road should be implemented as soon as possible. Implementa-

tion of this program will prevent further degradation of the

aquifer, and will have minimum impact on any remedial alter-

native selected for the area north of Los Reales Road. In

the event the FIT feasibility study concludes that a ground-
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water reclamation program is appropriate for the area north

of Los Reales Road and that the types and concentrations of

contaminants found there are susceptible to treatment pro-

cesses of the kind used at AFP 44, consideration could be

given to expanding the USAF facilities as a part of the

Superfund remedial program.
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VIII. COMMUNITY RELATIONS

A. Introduction

This community relations plan has been

prepared for the Installation Restoration Program (IRP) of

Air Force Plant 44, Tucson, Ariz.

The objective of this plan 'is to iden-

tify, consider and respond to issues and concerns of the

Tucson community at large and specifically to the citizens

who live and work in the vicinity of Air Force Plant 44; to

establish related community relations efforts and goals; and

to explain handling of news releases and press queries.

B. Background

United States Air Force Plant No. 44

(AFP 44) is a government-owned contractor-operated defense

manufacturing facility located in Tucson, AZ. It occupies

approximately 2,106 acres of land southwest of the Tucson

International Airport (TIA), and constitutes an extensive

manufacturing complex of 1,061,104 square feet of floor

space.

AFP 44 began operations in 1951 as the

prime production plant for the Falcon air-to-air missile.

Since that time, it has been significantly expanded and is

presently the primary production source for the Army's TOW

Missile, the Air Force's Maverick Missile, the Navy's
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Phoenix Missile, and the Marine Corp.'s Angle Rate Bombing

System. As the primary production facility for major weap-

ons systems for the armed services, AFP 44 is an integral

part of the U.S. national defense effort.

The plant employs approximately 7,500

Tucson area residents, has an annual payroll of $190.4

million and spends nearly $400 million each year for commod-

ities from firms in Tucson and throughout the state.

The main manufacturing complex was con-

structed for Hughes by the Del Webb Corp. in 1951. The U.S.

Government purchased the plant from Hughes that same year

and awarded Hughes a facilities contract to operate it.

Before production began, representatives

from Hughes conferred with the Arizona Department of Health,

now Arizona Department of Health Services (ADHS), to discuss

appropriate treatment alternatives for the waste streams

that would be generated in the manufacturing process.

These discussions resulted in Hughes

designing a facility to treat liquids used in the plating

processes to be employed at AFP 44. The design drawings and

specifications were approved by ADHS, and the facility was

immediately constructed and placed into operations. For its

time, it was regarded by ADHS as one of the most superior of

such facilities in the state.
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This treatment facility continued to

operate at AFP 44 until 1977. It was expanded and improved

a number of times to incorporate the most current waste

treatment technologies. As was the case with the original

treatment plant, each upgrade and expansion proposal was

reviewed and approved by ADHS before it was implemented.

In response to increasing national envi-

ronmental awareness of the late 1960's and early 1970's, the

Air Force and Hughes assessed the wastewater handling and

disposal practices at AFP 44 and determined that significant

improvements should be made. It was decided in 1971 that a

state-of-the-art "zero discharge" hazardous waste management

facility should be constructed, that is, a facility which

would not discharge any contaminants whatsoever into the

nation's waters.

Actual design of this new facility began

in 1974 and in 1975 the completed plans were forwarded to

ADHS, the Environmental Protection Agency (EPA) and the City

of Tucson Department of Water and Sewers for review, comment

and approval. The new facility received enthusiastic

endorsement from all those agencies and construction began

immediately.

The present waste treatment facility has

been in full-scale operation since 1977. Approximately 80
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percent of AFP 44's wastewater is treated and recycled for

use in the process shops. The other 20 percent is lost to

evaporation.

The ability to recycle 80 percent of the

water used in industrial processes has significantly reduced

the plant's demand for water from outside sources. The

efficiency and safety record developed in the operation of

this zero-discharge hazardous waste treatment facility has

resulted in awards of merit presented by the Arizona Water

and Pollution Control Association in 1978, 1979, 1980 and

1981. It also has been visited and studied by various

industrial representatives as a model for safe and efficient

operations, and for its design and performance character-

istics .

In 1979 the EPA financed an ADHS study

of wastewater surface impoundments in the greater TIA area.

As part of the study, ADHS representatives were taken on a

tour of AFP 44 surface impoundments which had been used to

handle the product of the former waste treatment facility

prior to 1977, Also as part of the greater TIA investi-

gation, a field team sponsored by EPA obtained groundwater

samples from four wells located at AFP 44. Analyses of

these samples indicated the presence of triehloreothylene

(TCE) in the groundwater in the vicinity of AFP 44.
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This rudimentary information was inade-

quate, however, for determining the nature or extent of

groundwater contamination in the vicinity of AFP 44, or

whether AFP 44 was the source of the contamination. The

presence of TCE could have been caused by another source and

transported to AFP 44 by movement of water in the regional

aquifer system.

The Air Force's own investigations of

environmental conditions at the plant have been underway

since early 1981. These investigations have revealed that

industrial solvents trichloroethylene (TCE),

1,1,1-trichloroethane (TCA), and 1,1-dichloroethyiene (DCE)

have leached into the groundwater beneath the plant and

migrated north, off the site, to the vicinity of Los Reales

Road.

Chromium also was found in the ground-

water but it had not migrated as far north as the volatile

organic solvents.

The root cause of the contamination ema-

nating from the plant is how industrial wastewater was dis-

posed of from 1951 until 1977, although these disposal

practices were acceptable at the time and in conformance

with all federal, state and local standards and regulations.
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From 1951 until 1962, industrial waste-

waters were treated in the then state-of-the-art wastewater

treatment plant then discharged to dry streambeds and

ditches west of Building 801, the main manufacturing build-

ing. From 1962 until 1977, general industrial wastes and

industrial wastewater from the plant were treated and then

disposed of via ditches into evaporation ponds --both lined

and unlined-- and pits.

The Air Force investigation report iden-

tifies these areas as the probable sources of groundwater

contamination caused by AFP 44. Four of the five pre-1977

ponds were excavated and backfilled in 1980. The fifth pond

was backfilled in 1976. It occupied an area presently

covered by lined evaporation ponds which are part of the

existing zero-discharge industrial wastewater treatment

facility at AFP 44.

There have been no environmental prob-

lems at AFP 44 since the existing zero-discharge industrial

wastewater treatment plant began operation in 1977.

The objectives of the draft Remedial

Action Plan are to prevent to the maximum practicable degree

any continued migration of contaminants from AFP 44 and to

remove and dispose of those contaminants in the plume ema-

nating from AFP 44 in an environmentally acceptable manner;
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to achieve these results in the most cost-effective and

timely manner possible; and to implement a. program which

does not result in unwarranted drawdown in the regional

aquifer, does not interfere with the performance of remedial

action programs conducted by others in the greater Tucson

International Airport vicinity, and is consistent with the

goals of the Tucson Active Management Area groundwater man-

agement plan.

C. History of Community Relations Activities

Community relations activities through

April 17, 1985, have consisted primarily of planning and

coordination meetings between Air Force and Hughes officials

and officials from federal, state and local regulating agen-

cies, elected officials, and the Papago Indian Tribal Coun-

cil.

On April 17, 1985, startup of a pilot

groundwater reclamation facility at AFP 44 was announced

jointly by The Air Force and Hughes, ushering in Phase III

of the air Force's four-phased Installation Restoration Pro-

gram at the plant. Invited were elected officials from all

levels of government and representatives from public media

outlets throughout the state. Attendees were briefed on

environmental activities at the plant to date including AFP

44's zero-discharge industrial wastewater treatment facil-
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ity, double-lined holding ponds with sensors to detect

leaks, above ground pipes which enable day and night visual

inspection -- all designed to prevent future .contamination

of the environment; and the pilot air stripping groundwater

treatment plant designed fco cleanse groundwater contaminated

as a result of past disposal practices.

Since the April 17 program, community

relations have continued in the form of meetings between Air

Force and Hughes personnel and elected and appointed offi-

cials of state and local governments, as well as answering

media queries to inform the public at large, and answering

questions and concerns of individuals.

D. Community Relations Wor_k_Plan

1. Mailing List

A mailing list is maintained

for mailings to regulatory agencies, government officials,

media, and other interested parties. The mailing list is

continually updated. It is used to send out news releases,

fact sheets, notices and other important information con-

cerning the IRP at Plant 44. It is also used for mailing

information updates to all interested parties to keep them

current on the progress of the IRP.

I
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2. Information Repositories

The following sites are being

used as repositories for technical reports pertaining to the

IRP. They have the capacity to store and make available

other pertinent information concerning the program:

Tucson Public Library

Main Library 200 S. Gay

Columbus Branch 4350 E. 22nd

Himmel Branch 1035 N. Treat Ave.

Mission Branch 3770 S. Mission Rd.

Valencia Branch 202 W. Valencia Rd.

Wilmot Branch 530 N. Wilmot Rd.

Woods Memorial Branch 3455 N. 1st Ave.

Government Reference Library 1st Floor City Hall

El Pueblo Library 101 W. Irvington Rd.

El Rio Library 1390 W. Speedway Blvd.

Namini Library 7300 N. Shannon Rd.

South Tucson Library 141 W- 29th

University of Arizona Science and Engineering

Library (Reserve Book RCCIR) , Bldg. 54.

Phoenix Public Library, Main Branch (Business and

Science Dept.), 12 E. McDowell Rd.

I
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3. Central Information Contact

Mr. Arthur Shacter has been designated

the person to contact for information concerning the Plant

44 IRP. Mr. Shacter's address is APPRO, Hughes Missile Sys-

tems Group, ATTN. Art Shacter, RAP Com Rel Officer, P. 0.

Box 11337, Tucson, AZ 85734. Any questions concerning the

IRP should be directed to him. He will route all questions

of a highly technical nature to the person most knowledge-

able in the subject area.

4. Media Information

The media have been interested in the

cleanup effort at Plant 44. This interest has not waned as

the project continues. Press releases are prepared and will

continue to be prepared for any activity, decision, update

or other important milestone connected with the cleanup

endeavor. Media inquiries, releases and answers are coordi-

nated through the appropriate Air Force Officials and are

answered as quickly as possible.

Media visits are granted whenever possi-

ble on site. The local, regional and national media have

access to documents and general information at the reposito-

ries and through the periodic news releases on major events

and milestones and fact sheet updates.
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5. Speakers Bureau

Speakers will be made available from Air

Force Plant 44 who can address any audience with a desire

for information concerning the IRP. These speakers are

available by contacting the Central Information Contact

listed in paragraph D3 of this annex.

6. Public Comment Period

The general public will have the oppor-

tunity to review the remedial action plan at the local

information repositories and' comment through the central

information contact throughout the IRP. A three-week com-

ment period from Oct. 4 through Oct. 25, 1985 will be pro-

vided after release of the Remedial Action Plan on Oct. 4,

1985. News media will be notified of the comment period and

copies of the Remedial Action Plan will be available at the

local information repositories. Public meetings will be

considered as one means of presenting the study findings,

discussing alternatives responding to questions, and receiv-

ing public comment.

7. Responsiveness Summaries

A responsiveness summary will be pre-

pared following the three-week comment period to summarize

the comments received on the draft Remedial Action Plan.

This summary will be placed at the public repositories and
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-distributed to those persons and agencies on the mailing

list as appropriate. I

8. Implementation of this Plan

The commander of Air Force Plant 44 will be responsible for

the implementation of all portions of this plan. Assistance

will be provided on request and as appropriate by Aeronau-

tical Systems Division Office of Public Affairs,

Wright-Patterson AFB, Ohio, and Air Force Systems Command

Office of Public Affairs, Andrews AFB, Md.

I
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IX. DEMONSTRATION OF PROGRAM COMPLIANCE WITH SUBSTANTIVE

STANDARDS OF OTHER LAWS

A. Substantive Standards Regarding Groundwater Rights

and Impacts

The State of Arizona adopted a Groundwater Manage-

ment Act in 1980 for the purpose of safeguarding the state's

groundwater resources and providing a plan to assure the

adequacy of those resources to meet future demands for

water. This Act establishes several Active Management Areas

throughout the State. AFP 44 is located within the Tucson

Active Management Area (TAMA). The proposed remedial action

program discussed above has been coordinated with and will I

continue to be coordinate relevant substantive aspects of ,
I

this program.

Arizona groundwater management regulations provide '

for a system that grants rights for the use of acceptable

quality groundwater and for a permitting process for the

withdrawal of poor quality groundwater. The USAF currently i

is entitled to withdraw and use approximately 235 million I

gallons of water per year from the AFP 44 site. Under the

remedial action alternative discussed above, the USAF would

need to withdraw approximately 2.7 billion gallons of water

per year. In addition, because contamination exists in the

groundwater underlying AFP 44, the ADWR requires a Poor
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Quality Water Withdrawal Permit for the proposed groundwater

pumping component of the recommended remedial action alter-

native .

Accordingly, the USAF has been working closely

with ADWR regarding permitting issues, remedial action

requirements, and potential impacts on the groundwater sys-

tem. Representatives of ADWR, ADHS and USAF have met regu-

larly to discuss remedial action investigations and

alternatives, including the remedial action program's sub-

stantive compliance with relevant groundwater regulations.

Figure 13 presents a proposed task flow chart which provides

for such compliance consistent with the need to perform an

expeditious remediation of environmental conditions at

AFP 44.

Documents which have been or will be provided to

the State include a detailed description of the hydrogeo-

logic characteristics of the area, an inventory of wells,

and a detailed design of the reclamation wellfield and moni-

tor well system. The technical basis for the reclamation

wellfield design and pumping regime will be discussed.

The USAF has also been coordinating with ADWR and

ADHS the groundwater recharge component of the recommended

remedial alternative. New regulations adopted by ADHS in

July, 1984 prohibit the disposal of any wastes or pollutants
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which may adversely affect groundwater quality. The USAF

has discussed and will continue to inform ADHS about spe-

cific details of possible treatment and recharge phases of

the remedial action at AFP 44 to insure that this program

complies with the substantive requirements of all new regu-

lations .

The USAF will take all possible steps to comply

with relevant groundwater rights and permitting require-

ments. The remedial action program involves the direct,

recharge .of extracted, treated groundwater.directly to the

aquifer from which it originated with no consumptive use in

order to restore this resource to a condition suitable for

beneficial use. Recharge of the treated water will result

in no significant adverse impacts on the groundwater rights

of others or on groundwater quality.

B. USAF Installation Restoration Program Phase IV

Management Guidance

This guidance document describes the USAF policy

for assuring that remedial actions are performed in a timely

and cost-effective manner which is consistent with Depart'

ment of Defense environmental quality program policies.

Section III.A.4 of that document provides instructions for

the development of a remedial action plan. The following is
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an item-by-item demonstration of compliance with the Guid-

ance instructions in the preparation of this plan:

1. Conceptual plan view drawings of the overall

site, showing general locations for project actions and

facilities appear in the appendix of this Remedial Action

Plan in Figures 10B, 10C and 13 of the report Conc_ep_tual

Study for Treatment of Reclaimed Water at USAF Plant No. 44

Phase III Results, February 1984, Malcolm Pirnie, Inc.

2. Conceptual layouts for individual facilities

and other items to be installed appear in the appendix of

this Remedial Action Plan in Figures 11, 12, 14, 17, 18, 19,

20, 21, 22, and 23 of the report Conceptual Study for Treat-

ment of Reclaimed Water at USAF Plant No. 44 Phas_e__III

Results, February 1984, Malcolm Pirnie, Inc.

3. Conceptual design criteria and rationales for

the recommended remedial action alternative are presented

throughout this Remedial Action Plan. Design criteria and

rationales include target treatment levels, groundwater

pumping and recharge rates, environmental impact consider-

ations and cost. Target treatment levels, pumping and

recharge rates and cost factors are discussed in Section VII

of this Remedial Action Plan as well as the report in the

appendix entitled Conceptual Study for Treatment of

Reclaimed Water at USAF Plant No. 44 Phase I & Phase II
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Results, September 1983, Malcolm Pirnie, Inc. Because envi-

ronmental impact factors are of utmost importance in the

planning of a remedial action program, every discussion of a

remedial alternative includes consideration of relevant

environmental impact factors. These considerations have

served as the basis for eliminating specific alternatives

from further analysis. To receive a final, detailed analy-

sis an alternative must not create any new, more significant

danger or threat of danger to the public health and welfare

and the environment, and must minimize and mitigate any

existing dangers or threats of danger. In accordance with

these .prerequisites, the final alternative is proposed

because it minimizes and mitigates any existing dangers to

the environment and optimally protects the environment from

any new dangers in a manner consistent with the requirements

of the National Contingency Plan.

4. A description of types of equipment required,

including approximate capacity, size, and materials of con-

struction appears in detail in the appendix of this Remedial

Action Plan in the report Conceptual Study for Treatment of

Reclaimed Water at USAF Plant ffo_. 44 Phase III Results, Feb-

ruary 1984, Malcolm Pirnie, Inc.

5. An operational description of process units

appears in the appendix of this Remedial Action Plan in sec-
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tion V of the report Conceptual Study for Treatment of

Reclaimed Water at USAF Plant No. 44 Phase I & Phase II

Results, September 1983, Malcolm Pirnie, Inc.

6. There are no unique structural concepts

required for the facilities which would be involved in the

implementation of the recommended remedial action alterna-

tive.

7. A description of operation and maintenance

requirements for the recommended remedial alternative

appears in section VII of this Remedial Action Plan,

8. Right-of-way requirements arise in planning

the construction of pumping and recharge wells and distribu-

tion systems beyond the boundaries of USAF-owned property at

the AFP 44 site. A listing of types of right-of-ways

required appears in section VII of this Remedial Action

Plan.

9. The USAF desires, through this Remedial

Action Plan, to provide evidence satisfactory to all review-

ing agencies and to the public that the recommended remedial

action alternative minimizes and mitigates existing dangers

to the public health and welfare and the environment as well

as protects the public and the environment from any new

exposure to harm, thus complying with the substantive
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requirements of the National Environmental Policy Act, 42

U.S.C. § 4321 et seg.

10. Section Vil of this Remedial Action Plan con-

tains a discussion of additional engineering data required

to proceed with design.

11. All standard construction permits will be

obtained, and a discussion of environmental permit require-

ments appears throughout this Remedial Action Plan.

12. The report Conceptual Study for Treatment of

Reclaimed Water at USAF Plant No. 44 Phase III Results in

the appendix of this Remedial Action Plan developed a

detailed cost estimate for the recommended remedial action

alternative. The dollar amounts are being withheld until

the completion of bidding processes in connection with this

project.

13. An order-of-magnitude operations and mainte-

nance cost estimate was prepared as part of the report, Con-

ceptual Study for Treatment of Reclaimed Water at USAF Plant

No. 44 Phase III Results which appears in the appendix of

this Remedial Action Plan.

14. A preliminary project master schedule appears

in Section VII.D of this Remedial Action Plan.
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c- Natjlonaĵ Contingency Plan

Part 300 of Title 40 of the Code of Federal Regu-

lations is the National Oil and Hazardous Substances Pol-

lution Contingency Plan, also known as the National Contin-

gency Plan, Subpart F of 40 C.F.R. Part 300, Hazardous Sub-

stance Response, presents methods and criteria for

determining the appropriate extent of response to hazardous

substances releases. The following discussion demonstrates

the compliance of this Remedial Action Plan with the

requirements listed in 40 C.F.R. § 300.68 for the prepara-

tion of remedial action programs.

This Remedial Action Plan develops remedial action

alternatives as required by 40 C.F.R. § 300.68(g). Section

VI of this Remedial Action Plan contains the discussion of

the development of the alternatives and includes a. consider-

ation of no action as one of the alternatives.

Section VI of this Remedial Action Plan screens

the alternatives through a comparison of costs, expected

effects of the alternative and technical aspects of the

alternative following the requirements of 40 C.F.R.

§ 300.68(h), and Section VII of the plan presents a detailed

analysis of the alternative that remains after the initial

screening (40 C.F.R. § 300.68(i)).
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The proposed conceptual remedial alternative

incorporates the greatest extent of remedy possible with

established technology that can be verified through estab-

lished analytical techniques in accordance with 40 C.F.R.

§ 300.68(j).

Finally, protection of the public health and wel-

fare and the environment is a fundamental concern of this

plan.

D. National Environmental Policy Act

. The National Environmental Policy Act of 1969, 42

U.S.C. § 4321 et seq., and its implementing regulations, 40

C.F.R. Parts 1500-1508 and 32 C.F.R. Part 989 among others,

require that federal agencies analyze the potential environ-

mental impacts and alternatives to proposed actions in addi-

tion to the economic and technical considerations relevant

to the selection of a recommended course of action. In the

selection of an appropriate remedial action as a response

to a release of hazardous substances into the environment,

the National Contingency Plan similarly requires that the

environmental impacts of alternative remedial actions be

analyzed.

Throughout this Remedial Action Plan, extensive

consideration has been given to the environmental impacts

associated with each of the remedial alternatives analyzed
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for the purpose of identifying that option which maximizes

environmental restoration. The program of groundwater rec-

lamation, treatment and recharge recommended here is

believed to accomplish that result with respect to ground-

water contamination emanating from AFP 44 located south of

Los Reales Road in a manner which results in no significant

adverse impacts to the environment. Specifically:

1. The extraction of contaminated groundwater

will not result in any significant disruption of flow in the

regional aquifer system through drawdown impacts since

treated groundwater will be recharged to the regional sys-

tem, thus minimizing drawdown impacts;

2. The groundwater treatment system to be

employed is designed to reduce contaminant levels to those

which make the water safe for beneficial uses;

3. The volatile organic air-stripping treatment

process and the chromium treatment process have been

designed to eliminate any significant level of emissions to

the atmosphere;

4. Any liquid waste stream produced by the

groundwater treatment plant will be recycled through the

nearby industrial wastewater treatment plan at AFP 44;
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5. The groundwater treatment and withdrawal sys-

tems will be operated long enough to ensure that groundwater

in the treatment area will be restored;

6. Treatment of the groundwater resolves any

concerns about disposal problems;

7. Recharge of the treated water will prevent

adverse drawdown impacts in the regional aquifer and dis-

ruption of other groundwater remedial programs which may be

undertaken in the TIA area;

. 8. The wellfield and treatment, plant have been

designed and located so as not to interfere with future use

of the area. The recharge and reclamation wells will be

located in areas which are not noted for unusual environ-

mental sensitivity, and their operation will not otherwise

significantly disrupt the environment.

Upon the final selection of the appropriate reme-

dial action program (subsequent to the receipt and analysis

of public comments on this plan), the USAF will again review

the environmental impacts of the final plan in order to

insure that it will be consistent with the standards of

NEPA.

E. Resource Conservation and Recovery Act

The Resource Conservation and Recovery Act of

1976, 42 U.S.C. § 6901 et seq.. as amended, and its imple-
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menting regulations, 40 G.F.R. Parts 264 and 265, among

others, generally require that hazardous waste management

practices be conducted in a manner which protects human

health and the environment. Subchapter III of RCRA pre-

scribes comprehensive requirements for the generators,

transporters, or those owners and operators of treatment,

storage or disposal facilities relating to the management of

hazardous wastes.

Although the remedial plan identifies a treatment

scheme nqt involving the off-site storage, destruction,

treatment or disposal of hazardous wastes such that the

remedial action might be expected to comply with the proce-

dural and substantive requirements of Subchapter III, the

standards and criteria of RCRA have nevertheless been a part

of the analysis and screening of potential remedial action

alternatives. In that regard, alternatives which might

employ the bulk or containerized disposal of extracted liq-

uid contaminants have been dismissed for being inconsistent

with prohibitions and limitations on such disposals under

RCRA. On the other hand, substantial consideration has been

given to the potential for hazardous waste generation as

part of the treatment plant operations identified in the

plan. Concerns arising from such potential are more fully

addressed in the treatment facility design documents and in
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the recently submitted RCRA final permit application for AFP

44.

F. Underground Injection Control Requirements and

Federal Sole Source Aquifer Requirements (Groundwater Pro-

tection Strategy)

Several Federal requirements programs, advisories

or policy statements on groundwater protection parallel, if

not complement', the State of Arizona's comprehensive program

to safeguard groundwater resources. The discussion of that

program at paragraph A above, and the summary contained in

an appendix to this remedial action plan demonstrates how

such program and its underlying concerns have shaped the

analysis of remedial alternatives and selection of the pre-

ferred remedial action involving extraction, treatment and

recharge of contaminated groundwater.

Reliance on the substantive standards of the

Arizona program should adequately address the policy issues

of similar relevant Federal programs. Suffice it to say

that the remedial action program involves the recharge of

water treated to drinking water quality back into the

aquifer from which it was withdrawn, employing no.

consumBLtive use, for the purpose of restoring the contam-

inated aquifer to a condition suitable for beneficial use.

In other words, the Air Force will be injecting water of
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better than drinking water quality direct to the aquifer

underlying AFP 44, thus avoiding entirely any substantive

concerns which might arise with respect to degradation of

groundwater quality.

G . Flppdplain Management

In accordance with the provisions of Executive

Order 11988, 24 May 1977, as amended, it has been determined

that the proposed remedial action program will not occur in a

floodplain. Further analysis, then, of alternatives to

avoid adverse effects and incompatible development in a

floodplain is irrelevant to this study.

H . National Ambient Air

National primary and secondary ambient air quality

standards promulgated under the Clean Air Act, 42 U.S.C.

§ 7401 e_t ssq. . 40 G.F.R. Part 50, are established to pro-

tect public health or the environment from any known or

anticipated adverse effects of a pollutant. This remedial

action program has been designed taking into consideration

control requirements on air emission sources to ensure

maintenance of the national ambient air quality standards.

The only standard of concern with respect to this

remedial plan is Pima County Regulations which limit total

volatile organic compound emissions from a facility to 40

pounds per day.
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Two air-stripping towers are contained in each

treatment process with 90% of the VOC's being removed in the

first stripping tower. Carbon adsorption filters will be

installed on the first stage towers. Total VOC emissions

from the second stage towers, together with other VOC emis-

sions from AFP 44, will not exceed the 40 pound/day limit.
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PHASE I
INVESTIGATION OF SUBSURFACE CONDITIONS IN THE
VICINITY OF ABANDONED WASTE DISPOSAL SITES

HUGHES AIRCRAFT COMPANY MANUFACTURING FACILITY
TUCSON,' ARIZONA

CONCLUSIONS

Analysis of geologic and hydrologic data collected at the
Hughes Aircraft Company Manufacturing Facility in Tucson, Arizona
indicates the following:

1. Hughes Aircraft Company has disposed of fluids
containing a variety of trace metals and in-
dustrial solvents into pits, ponds, and ditches
on .the facility property for approximately
30 years.

2. High concentrations of chromium and organic sol-
vents found in groundwater obtained from wells
on the property are a result of the past waste
disposal practices of Hughes Aircraft Company:
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High, concentrations of chromium and organic sol-
vents found in groundwater obtained from City
of Tucscm well SC-7 might be a result of the
past disposal practices of Hughes Aircraft Com-
pany.

Historic waste disposal practices at the Hughes
Aircraft Company facility have resulted in per-
colation of wastewater to the regional aquifer
system. The continuity of the aquifer system
and the direction of regional groundwater move-
ment have enabled contaminants to migrate for
an undetermined distance northwest of the fa-
cility property boundary.
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RECOMMENDATIONS

In order to define the distribution of contaminants in
the regional aquifer, it is necessary to expand the current
investigation. More information is needed to determine the
volume of groundwater that has been contaminated beneath the
facility property, the concentration of the contaminants in
the aquifer, and the extent of contaminated fluid in the
perched groundwater zone beneath the abandoned wastewater dis-
posal ponds. The investigation should determine which disposal
sites were used to dispose of organic solvents, and the resid-
ual concentration of the contaminants in the soil at these
sites.

In addition, the investigation should determine the con-
tribution of contaminants fro» Hughes Aircraft Company facility
wastewater disposal practices to off-site groundwater contami-
nation. Because of the nature of the regional groundwater flow
system in the vicinity, of the Hughes Aircraft Company facility,
it appears that contaminants have been transported for some un-
known distance northwest of the facility property. Other indus-
trial activities in the same area may have also contributed
similar contaminants to the aquifer.

The recommended tasks for the investigation include drill-
ing additional soil borings at disposal sites, analysis of soil
samples for volatile organic acids, construction of additional
monitoring wells in the perched and regional groundwater systems,
and compilation of a predictive finite-difference digital com-
puter model of groundwater flow and contaminant transport for
the regional .aquifer.
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The tasks axe summarized as follows:

1. Construct and sample confirmatory soil borings
at seven selected sites (Figure 2). The pro-
posed confirmatory borings would be located
adjacent to previous soil borings that indi-
cated the presence of contamination in the
subsurface. Analysis o£ soil samples from
the confirmatory borings are required to veri-
fy the concentration of contaminants that are
present in the soils*

2. Construct and sample exploratory soil borings
at nine additional selected sites (Figure 1).
These borings would be located in areas where
migration of waste products into the subsurface
environment might have occurred from known dis-
posal pits, ponds, or ditches. Analysis of
soil samples collected from the exploratory
soil borings would verify whether additional
suspected waste disposal sites were sources
for migration of waste products into the sub-
surface, and would indicate the relative
strength of contaminant concentrations at the
disposal sites.

3. Construct and sample monitor wells in the perched
groundwater zone at nine sites (Figure 1).
Eight of the proposed monitor wells would be
located down-gradient of abandoned pits, ponds,
or ditches. A ninth monitor well would be
located up-gradient of potential contaminant
sources. Analysis of water samples collected

271 1
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from these wells would define the concentra-
tion and extent of contaminants in the perched
groundwater zone.

Construct and sample 19 monitor wells in the re- L
gional aquifer system (Figure I), These wells |
are to be constructed in the vicinity of
selected abandoned disposal ponds/ pits, and
ditches. Analysis of groundwater samples col-
lected from these monitor wells will define the
distribution and concentration of contaminants
in the regional aquifer at the Hughes Aircraft
Company facility. The -welis would also be used
to obtain- data on the hydraulic character of
the regional aquifer. The transport rate and
dispersion of contaminants in the regional aqui-
fer system can be estimated from these data.

Aquifer tests should be conducted at production
wells HAC-1,'HAC-3, and HAC-4 (Figure 1). The
purpose of the aquifer tests is to provide data
on the hydraulic character of the regional aqui-
fer. These data are required for estimation
of the rate of contaminant movement in the re-
gional aquifer system.

In order to estimate the portion of off-site con-
tamination that might be the result of historic
waste disposal practices at the Hughes Aircraft
Company facility, a computer model of groundwater
flow and contaminant transport in the area is
proposed. The computer model will provide esti-
mates of the areal extent of the contaminant
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plume in the regional aquifer system, and the
concentration of contaminants within the plume.
The computer model appears to be the only tool'
available to determine the contribution of
Hughes Aircraft Company to the off-site aqui-
fer contamination.

I
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PHASE I
INVESTIGATION.OF SUBSURFACE CONDITIONS IN THE
VICINITY OF. ABANDONED WASTE DISPOSAL SITES

HUGHES AIRCRAFT COMPANY MANUFACTURING FACILITY
TUCSON, ARIZONA

INTRODUCTION

Pursuant to a request from Mr. David L. Mulliken, Attorney,
Latham & Watkins, this summary report of the Phase I Investiga-
tion of the impact of historical waste disposal practices on
groundwater quality at the Hughes Aircraft Company (EAC) Manu-
facturing Facility in Tucson, Arizona, has been compiled. The
objectives of the Phase I Investigation were as follows:

1. Locate potential sources of trace metal and
organic contaminants found in groundwater
samples collected in wells tapping the re-
gional aquifer system.

2. Determine if historic waste disposal prac-
tices of Hughes Aircraft Company might be
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the source of organic and trace metal con-
taminants detected in wells down-gradient
of the manufacturing facility.

Disposal of a variety of liquid and non-liquid wastes has
occurred at the HAC facility since 1951. Liquid wastes were
transported in a variety of pipes and ditches to several unlined
holding ponds, or were, released to the surrounding desert. Some
liquid wastes, including oils and solvents, were apparently
transported to several pits for disposal by evaporation and in-
filtration into the soils. Some flammable solvents were ignited
and used in fire-fighting exercises. Solid wastes, including
drums, barrels, metal scraps, and cafeteria garbage, were buried
in trenches or pits. The Phase I Investigation included drill-
ing large-diameter soil borings at-those locations identified as
waste disposal sites (Figure 2). Soil samples were collected
and analyzed to determine the concentrations of trace metals and
organic contaminants. Monitoring wells were constructed in both
the upper and lower zones of the regional aquifer system, and
in a perched groundwater..zone discovered in the vicinity of the
'abandoned wastewater disposal ponds (Figure 2). Groundwater
samples have been collected from these wells and analyzed to de-
termine the concentration of contaminants.

Water samples were collected fay HAC personnel from the un-
lined wastewater disposal ditch located west of Building 801 dur-
ing the period 1971 to 1977. These samples were analyzed for
chromium, cyanide, and pH by the HAC laboratory. Historical
water quality data prior to 1971 are not available. Wastewaters
have been discharged to lined evaporation and holding ponds since
1977.
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HISTORIC WASTE DISPOSAL

Information concerning historic waste disposal practices
at the HAG facility has been compiled from site maps, aerial
photos, disposal records, and discussions with HAC employees.
Data indicate that on-site disposal of wastes at the'EAC facil-
ity began in 1951 (Spavlding, 1980). These wastes included
fluids which were discharged to excavated pits, unlined _ponds,
and a network of unlined ditches.

A wastewater treatment plant became operational in 1977 I
at the HAC facility. The treatment plant receives process rinse |
waters and cooling tower blowdown waters. Approximately 75 per-
cent" of the water is treated and recycled, and 25 percent is
pumped into lined evaporation ponds.

Wastes disposed of at the HAC facility comprise two general
types: general industrial wastes, and industrial wastewaters
(Spauldingf 2980}. General industrial wastes include the follow-
ing: oils, sludges, paints, solvents, metals, and chemicals.
The chemicals comprise sulfuric, chromic, hydrofluoric, nitric,
hydrochloric, and phosphoric acids. The metals include cadmium,
chromium, copper, gold, nickel, lead, and tin. These waste
products are produced by the facility plating, heat treatment,
and paint processes. Amounts of these materials disposed of
prior to 1977 are not known.

Industrial wastewater primarily comprises rinse water from
plating processes, cooling tower blowdown, and some concentrated
solutions of chrome.and cyanide. From 1951 to 1970, HAC esti-
mates that 1,250,000 gallons of rinse water were disposed of per
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week. During the same period, HAC estimates that 15,000 gal-
lons of concentrated solutions, including chrome and cyanide,
were disposed of per week. Prom 1970 to 1977, approximately
20,000 gallons of rinse water and 160 gallons cff concentrated
solutions were disposed of per week.

WASTE DISPOSAL SITES

General industrial wastes and industrial wastewaters were
disposed of in ponds, ditches, and pits at the HAC facility
during the period 1951 to 1977. Historic disposal sites were
either located in the field by HAC personnel, or interpreted
from review of site plan maps and aerial photos (Figure 3).
Disposal site locations were confirmed by reviewing the sequence
of aerial photos of the facility area for the period 1953 to
1976 (Appendix At Figures A-l through A-27}.

Ditches

A network of unlined ditches was used at the HAC facility
to transport industrial wastewaters to the area west of Build-
ing 801 when operation of the facility began in 1951. These
ditches are apparent on aerial photos of the facility property
for the period 1953 through 1976 (Appendix A). Phreatophytic
vegetation developed along and adjacent to the ditches and waste-
water disposal ponds. The vegetation appears as dark areas on
the aerial photos. The density of this vegetation indicates
the greater availability of water in these areas due to the dis-
charge of wastewater.
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Ponds

Prior to 1962, wastewaters were apparently discharged to
dry streambeds and ditches west of Building 80'1 (Appendix A,
Figures A-l and A-3), Although well-defined ponds are not ob-
vious on the aerial photographs until 1962, small ponds may
have formed along the streambeds and ditches.

Five ponds were utilized for disposal of industrial waste-
waters during the period 1962 to 1977. Two small lined ponds
were located east of Building 801, and three larger unlined
ponds were located west of and beneath the existing evapora-
tion ponds (Figure 2).

The two ponds constructed east of Building 801'were first
recognized on aerial photos from the year 1962 (Appendix A,
Figure A-4), Both ponds were lined with a thin plastic mem-
brane and the northern, pond was also lined with clay. These
two ponds received precipitated heavy metal sludges and chemi-
cals used for neutralization of industrial wastes. Both ponds
were excavated and refilled in 1980. An' asphalt parking lot
was constructed over the abandoned ponds in the third quarter
of 1981.

Two unlined holding ponds were constructed west of the
existing evaporation ponds to receive industrial wastewaters
(Figure 2). The first pond was recognized on aerial photos
taken in 1964 (Ar-sndix A, Figure A-6). The second unlined
holding pond appears in aerial photo coverage for the year
1969 (Appendi- .4, Tigure A-10). Both ponds were excavated
and refilled in 1950.
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The largest unlined wastewater holding pond was located |

beneath the existing evaporation pond 4 (Figure 2), and was
first detected on aerial photos for the year 1973 (Appendix A,
Figure A"IS). This pond was backfilled in 197-6 during con-
struction of evaporation pond 4.

Pits

General industrial wastes were disposed of in excavated
pits during the period 1952 through 1977. Eight abandoned dis-
posal pits were located on -the property fay HAG personnel (Fig-
ure 2). Inspection of aerial photos indicated about ten additional
suspected disposal pits might have been used during the period
1952 to 1977.

HAC personnel have indicated that three areas around the.
KAC facility were used for disposal of general industrial wastes,
including the solvents trichloroethylene (TCE) and TCA. One
area, located in the southern portion of the facility property,
was apparently used for waste disposal from 1951 to 1955 (Fig-
ure 2). Several disposal pits were located in the cleared area
which is evident on a 1953 aerial photo (Appendix A, Figure A-2).
The second area was in the southeastern portion of the facility
property and was apparently used for waste disposal from 1955
to 1966 (Figure 2). This disposal area appears as a clearing
on aerial photos from 1967 and 1969, although the area was no
longer used for disposal after 1966 (Appendix A, Figures A-9
and A-ll). Pits located in the area west and northwest of Build-
ing 801 were used for waste disposal from 1966 to 1977 (Figure 2).
These pits also appear as cleared areas on the aerial photos
(Appendix At Figures A-8, A-10f A-12, A-1S> and A-1S).

The precise nature and quantities of wastes disposed of in
the pits in these areas is not known.

i
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• GEOLOGIC FRAMEWORK

The project area is located in the Tucson Basin, which is
a broad,- northwest-trending alluvial valley encompassing about
'750 square miles in Pima County, southeastern Arizona. The
basin is bounded by a nearly continuous ring of mountains and
extends forxa distance of about 50 miles from the Santa Rita
'Mountains in the south* to the Tortolita Mountains in the north.

REGIONAL GEOLOGY

The mountains surrounding the Tucson Basin consist of crys-
talline igneous, metamorphic, volcanic, and sedimentary rocks.
These rock units range in age from Precambrian to late Tertiary.

The valley floor-'is underlain by several thousand feet of
alluvial basin fill sediments interbedded locally with volcanic
flows, agglomerates, and -tuffaceous sediments. The basin fill .
sediments include, inv'descending order: (1) surficial deposits,
'(2) Port Lowell Formation, (3) Tinaja Beds, and (4) Pantano For-
mation.

Surficial Deposits

The surficial deposits overlie the Fort Lowell Formation
and comprise terrace gravels, stream channel and floodplain de-
posits. These thin deposits are mainly gravel and gravelly sand
with localized sand and sandy silt. .The surficial deposits range
in thickness from a featheredge to several tens of feet.



i :AKCti & MONTGOMERY. INC.

• • 14.

281
Fort Lowell Formation

The Fort Lowell Formation overlies the Tinaja Beds, and
consists predominantly of silty gravel near the basin margins,
grading to a silty sand and clayey silt toward the central
part of the basin. The Fort Lowell Formation is 300 to 400 feet
thick near the center of the basin, and thins toward the moun-
tains (Davirdaan, 1972).

Tinaja Beds

The Tinaja Beds comprise sand and gravel at the margins oif

the basin, and grade to gypsiferous, clayey silt and mudstone
in the central portions of the basin. The Tinaja Beds range in
thickness from a featheredge to as much as 5,000 feet. The
.Tinaja Beds have been interpreted as a sedimentary detrital fill-
ing of a subsiding basin. The central part of the Tucson Basin
is a triangular-shaped down-faulted block, bounded by the Santa
Cruz fault, an un-named "fault running parallel to Rillito and
Tanque Verde Creeks, and "'another un-named fault that trends north-
•east through the basin (Davidscn, 2973). In much of the down-
faulted block, the Tinaja Beds are divided into two parts. The
lower part comprises a clayey silt to mudstone t and the upper
part comprises a clayey gravel to clayey silt. Outside of the
down-faulted block, the Tinaja Beds are a gravelly or pebble
sand (Davidson, 1973).

Pantano Formation

The Pantano Formation is a reddish-brown, silty sandstone,
which- includes gravel with interbedded volcanic flows and tuf-
faceous sediments. The thickness of the Pantano is estimated
to range from a few hundred to 1,000 feet (Davidson, 1973).

I

I
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SITE GEOLOGY

Based on Davidson's (1973) description of the basin fill
deposits, it appears that.the upper 175 to 225xfeet of the al-
luvium at the HAG facility is probably the Port Lowell Formation.
The underlying clayey sediments, encountered to a depth of
600 feet, appear to correlate with the Tinaja.Beds. The entire
thickness of the Tinaja Beds has not been penetrated by drill-
holes on the HAG facility" property, and the depth to the top of
the underlying pantano Formation is not known.

The nature and distribution of geologic materials in the
HAG facility area has been further defined by samples obtained
from soil borings and monitor wells constructed at the site,
and from interpretation of drilling logs. The soil borings
were constructed with augers, and soil samples were collected
directly from the auger blades. A description of the construc-
tion and sampling procedures, and lithologic logs for the soil
borings appear in Appendix B. The monitor wells were drilled

;j *

utilizing air rotary arid'fluid rotary drilling methods, and
samples were described from the drill cuttings. Construction
'details and lithologic logs for the monitor wells appear in
Appendix C.

Driller's logs for Hughes Aircraft Company wells HAC-1,
HAC-2, and HAC-3 were obtained from Hughes Aircraft Company
(Appendix D). Driller's logs were not available for well HAC-4
and the Credit Union well. A driller's log for well SC-7 was
obtained from the City of Tucson, Water Department (Appendix D,
Table D-4}. Hydrogeologic cross sections have been constructed
based on the lithologic logs and driller's logs.
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Regional Aquifer 2 83

Hydrogeologic cross section A-A* has been constructed for
the HAC facility area from driller's logs of the HAG production
wells, the City of Tucson well SC-7 and lithoibgic logs of the
monitor wells constructed on the facility property (Figure. 3).
Lithologic logs and driller's logs for these wells indicate the •
regional aquifer comprises a sequence of sand and gravel, sandy
clay, clayey sand, and-clay extending to a depth of at least

.600 feet below land surface at the HAC facility.

The aquifer has been divided into upper and lower zones
based on lithology and measured water levels. Water levels in
the upper aquifer zone are several tens of feet higher than water
levels in the lower aquifer zone. The upper aquifer zone eoro-
prises•.£ine-to-coarse sand with gravel, occasional lenses of
cobbles, and lenses of clay to a depth of about 200 feet. The
upper aquifer zone is probably the source of most of the ground-
water produced by wells in the area (Figure 4). The permeability
of this zone appears *€o'%& much greater than the underlying zone.

The lower aquifer fbne comprises clayey sediments underlying
the upper aquifer zone to a depth of at least 600 feet (Figure 3),
These clayey sediments are interbedded with thin lenses of sand,
sandy clay, and clayey sand.

Perched Zone

Subsurface conditions between land surface and the regional
water.table beneath the HAC facility have been defined by soil
borings. Hydrogeologic. cross sections B-B1, C-C', and D-D' have
been constructed through the area west of Building SOI from litho-
logic logs of the soil borings (Figures S and 6).
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Hydrogeologic cross section B-B1 was constructed between

soil borings B-l, B-2, and B-3, which were drilled at the site
of abandoned wastewater disposal ponds (Figure 3). These soil
borings indicate that the alluvial materials above the water
table comprise primarily sand, gravel, clayey sand, and sandy
clay (Figure S}. A red-brown clay unit was encountered in all
three borings at a depth of about 80 feet below land surface.
This clay unit is a perching layer of low permeability which
restricts the downward migration of percolating groundwater.
The water level in this perched zone is about 80 to 85 feet
below land surface, which is about 25 to 40 feet above the re-
gional water table. ' I

Hydrogeologic cross section C-C1 was constructed between
soil borings B-5, B-4, and B-13 in the area north of the hold- |
ing ponds and west of well HAC-1 (Figure S). These soil borings i
indicate that the alluvial materials above the water table in
this area comprise primarily clayey sand, interbedded with lesser
thicknesses of sand, -gravel, and sandy clay (Figure S). A red-
brown clay unit, similar''to that encountered in soil borings j
.B-l, B-2, and B-3, was a'lso encountered in soil borings B-4, L
B-5, and B-13. This clay unit occurs at depths ranging from I
about 80 feet below land surface in soil boring B-13, to 93 feet
below land surface in soil boring B-4. Perched groundwater
was not encountered in this area.

Hydrogeologic cross section D-D1 was constructed between
soil borings B-9, B-14, B-7, and B-6 along the northern margin
of the wastewater holding ponds and evaporation ponds (Figure Z).
Soil borings in this area encountered primarily clayey sand, i
interbedde"d with sandy clay, and thin sand lenses (Figure S).
The red-brown clay unit was encountered at a depth ranging from
about 70 to 80 feet below land surface (Figure 6). The water
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level in the perched zone was about 80 feet below land surface
in boring B-9, and about 82 feet below land surface in boring
B-7 .

Based on the 15 soil borings constructed for the Phase I
Investigation, it appears that the abandoned, unlined, waste-
water disposal ponds that were used prior to 1977 were located
in an area where the surficial materials are predominantly sand
and sandy clay. The -shallow alluvial materials between land
surface and the water table throughout the facility area* have
sufficient permeability to allow wastewater to percolate to the
regional aquifer system.

i
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GROUNDWATER CONDITIONS

The regional aquifer system in the Tucson Basin comprises
a thick sequence of alluvial basin fill sediments. The regional
aquifer system in the vicinity of the HAC facility has been de-
fined by lithologic logs of HAC production wells, monitor wells,
and the City of Tucson well SC~7 (Appendices C and D). The
aquifer system at the HAC facility comprises coarse sand and
gravel front the water"taEle to a depth of about 200 feet. These
permeable deposits are underlain by clay and sandy clay, with
thin lenses of gravelly sand, to a depth of at least 600 feet
(Figure 4).

OCCURRENCE AND MOVEMENT

Groundwater occurs under unconfined and semi-confined con-
ditions in the basin fill sediments in the vicinity of the HAC

-« ;< ••,
facility. Groundwater occurs under unconfined conditions in a
perched zone in the vicinity of the abandoned wastewater hold-
-ing ponds, and in the upper zone of the regional aquifer system.
Groundwater occurs under semi-confined conditions in the lower
zone of the regional aquifer system.

Perched Zone
Perched groundwater was encountered in exploration borings

B-l, B-2, B-3, B-7, and B-9 at depths of 80 to 85 feet below
land surface, or about 25 to 40 feet above the regional water
table. The perched zone has apparently formed within, and di-
rectly above, an extensive red-brown clay unit found consistently
beneath the HAC facility. The red-brown clay unit was encountered
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at .depths of about 70 fco 90 feet below land surface. The oc-
currence of the perched groundwater appears to be related to
percolation of wastewater from unlisted ponds and ditches at the
EAC facility. Percolation of natural runoff which entered the
unlined ditches may have also contributed to the groundwater
in the perched zone.

Regional Aquifer

Water levels measured in the HAC production wells, and
monitor wells completed in the upper aquifer zone, indicate a
depth to water ranging from about 100 to 140 feet below land
surface (Figure 4). Water levels measured in monitor wells M-1B
and M-2C, completed in the lower aquifer zone, indicate a depth
to water ranging from about ISO to 225 feet below land surface
(Figure 4). The difference in water levels between the upper
and lower zones of the regional aquifer indicates that there is
potential for downward movement of groundwater from the upper to
the lower zone. .; • '*\.

£-

The direction of regional groundwater flow beneath the HAC
s

facility is northwest, with a hydraulic gradient of about 15 feet,
per mile. Water level contour maps compiled for the years 1S52,
1960, 1970, and 1980 indicate that the direction of regional
groundwater movement and the hydraulic gradient have not changed
significantly in the vicinity of the HAC facility since 1952
(Figures 7 through 10).

A comparison of the 1952 and 1980 water level contour maps
reveals significant: changes in the groundwater flow regime along
the Santa Cruz Hiver, three to five miles, northwest and west of
the HAC facility (Figures ? and 10), Large groundwater with-
drawals from wells along the river have produced depressions in
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the water table surface, and reversed the direction of ground-
water flow from northwest to southwest in T. 14 S., R. 13 E.
(Figure 10). The 1980 water level contour map also indicates
a cone of depression southwest of the HAC facility (Figure 10) .
This depression has apparently been caused by pumping from
City of Tucson wells SC-10, SC-11, SC-6, and SC-16.

Comparison of the water level contours from 1952 to 1980 .
indicate a steepening~of "the water table gradient in a zone
about one mile wide, extending from sections 15 and 22 of
T. 15 S., R. 13 E. into section 31 of T. 14 S., R. 14 E. (Fig-
ures 7 -through 10) . This zone is located about three miles
northwest of the HAC facility. The gradient of the water table
surface in this zone has ranged from about 70 feet per mile in
1952 (Figure 7), to over 100 feet per mile in 1980 (Figure 10).
The steep gradient in this zone may be related to a decrease
in aquifer tr ansmis sivity associated with faulting. Davidson
(1972) has suggested the presence of two faults which would
parallel this zone on.; the: north and south.

GROUNDWATER PUMPAGE
Pumping of groundwater from production wells HAC-1, HAC-3,

.and City of Tucson well SC-7, influences the direction and rate
of groundwater movement in the regional aquifer in the vicinity
of the HAC facility'. Historic groundwater withdrawals- from
wells HAC-1 and HAC-3 have been summarized for the period 1964
through 1980' based on data provided by Hughes Aircraft Company
(Figures 11 and 12). These-data indicate that the total pumpage
from well HAC-1 during the period 1964 through 1979' was about
1,200 million gallons. Average annual pumpage was about 75 mil-
lion gallons (Figure 11). Total pumpage from well HAC-3 during
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Average annual pumpage was about 85 million gallons (Figure IS).

Historic pumpage from City of Tucson well. SC-7 has been
summarized for the period 1956 through 1980 based on data pro-
vided by the City of Tucson (Figure 13). Total pumpage from
well SC-7 during this period was about 3,550 million gallons.
Average annual pumpage was about 142 million gallons (Figure 23).

- ~ <•»
Pumping from well HAC-1 was discontinued in April 1979.

Well HAG-3 has not been used since May 1981. The City of Tucson
well SC-7 was also taken out of service in May 19,81.

-̂

Well HAC-2 and the Credit Union well have not,been pumped
except for initial well testing immediately following the con-
struction of each well. Well EAC-4 provides back-up water
supply for fire protection.

•: •• 't
HISTORIC WATER LEVEL CHANGES

V»

The regional water table-ranges in depth from about 100 to
140 feet beneath land surface at the HAC facility. The elevation
of the water table ranges from about 2,465 to 2,485 feet above
mean sea level (Figure 10).

Water levels at well HAC-1 have declined about one foot per
year since 19S2 (Figufe 14). The depth to water at well HAC-1
has declined from about 101 feet below land surface in 1952, to
134 feet in 1980, for a net decline of 33 feet. ,.

s

Water levels at City of Tucson well SC-7 have declined about
1.5 feet per year since 1947 {Figure 15). The depth to water at
well SC-7 ranged from 53 feet below land surface in 1947, to
99 feet in 1980, for a net decline of 46 feet.
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Water levels along the Santa Cruz River to the west and

northwest of the HAC facility declined as much as 100 feet
during the period 1952 through 1980. The greatest water level
decline has occurred near several pumping centers located
along the Santa Cruz River in T. 14 S. and T. 15 S., R. 13 E.
(Figure 10).
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GROUNDWATER

The chemical character of groundwatsr in the HAC facility
area has been defined by laboratory analyses of groundwater
saraples .collected from production wells, monitor wells, and
soil exploration- borings. Three production wells, seven moni-
tor wells, and five soil borings have been sampled on the fa-
cility property (Table I). Additional water quality data from
production well SC-7,. located west of the HAC facility, were
obtained from the City of Tucson, Water Department.

The HAC production wells and City of Tucson well SC-7 have
(' been sampled since the 1950's. Prior to 1971, chemical analy-

ses of HAC production wells consisted of common ions only.
Analyses for .trace metals were not performed. Similarly, analy-
ses for trace metals at well SC-7 were not reported until the
mid-19SO»s. ,; r.

'"''-•• *.̂

*•"
*,*

Phase I Water Sampling

During the months of May and June 1981, five monitor wells
and 15 soil borings were constructed at the HAC facility. Five
of the 15 soil borings were completed as monitor wells in the
perched groundwater zone.

Groundwater samples have been collected monthly from pro-
duction wells HAC-1,* HAC-3, HAC-4, and the Credit Onion well
since May 1981. Monitor wells M-lA, M-1B, M-2A, M-2B, and M-2C
have been 'sampled monthly as they were completed. Chemical
analyses include determination of concentrations of routine'con-
stituents, selected trace metals, and volatile organics. Routine
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constituents, comprise common ions and cyanide. Selected wells
have also been sampled periodically for EPA priority pollutants
(Table 1),

*.

Analyses for routine constituents and trace metals were
performed by BC Laboratories, Inc., Bakersfield, California.
Analyses, for volatile organics and EPA priority pollutants were
performed by Jacobs Laboratories, Pasadena, California. All
water samples were collected and processed according to standard
.techniques (Appendix E).

Water samples collected from well HAC-1, the Credit Union
well, and the perched zone monitor well B-l were analyzed for
EPA organic priority pollutants. The EPA priority pollutants
include volatile organic compounds, acid compounds, base/neutral
compounds, and pesticides. A total of 113 compounds were analy-
zed- by Jacobs Laboratories. •

Stiff diagrams have been prepared for groundwater samples
collected from the perched groundwater zone and the regional
aquifer (Figure 16).-. The. shape of the Stiff diagram is charac-
teristic of a particular chemical type of water. Samples of
groundwater from the same aquifer, subject to similar hydrogeo-
chemical processes, usually exhibit similarly shaped Stiff
diagrams. The Stiff diagrams can often be used to identify
groundwater from different zones in an aquifer system, and can
also be used to identify areas where percolation of wastewater
has occurred.

Perched Zone

Perched groundwater was encountered in soil borings B-l,
B-2, B-3, B-7, and B-9, and in monitor well M-2A (Figure 2).
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The water level in the perched grotindwater zone is about 25 to
40 feet above the regional water table.

COMMON IONS; ..Groundwater in the perched'"zone is a sodium
sulfate and calciam sulfate type. Calcium and sodium are the
principal cations, and sulfate is the principal anion in solu-
tion (Figure IS). The total dissolved solids content of samples
collected from the perched zone ranged from about 700 to 1,150 mg/1
(milligrams per liter) (Appendix Ft fables F-l through F-S).

TRACE METALS: Significant concentrations of chromium, iron,
manganese, and zinc have been detected in groundwater samples
obtained from the 'perched zone. Borings B-l, B-2, B-3, and B-9
were completed in the perched zone in or near the abandoned
wastewater disposal ponds (Figure 2). Concentrations of trace
metals in groundwater samples obtained from these borings are
as high as 0.16 mg/1 for chromium, 0.13 mg/1 for iron, 1.10 mg/1
for manganese, and 1.80 mg/1. for zinc (Appendis Gt Tables G-l
through G-6). Chromium,'»iron,. and manganese have also been de-
tected in the perched groundwater at monitor well M-2A (Appen-
"dix G,,--Fable- G-S}. Total chromium ranged in concentration from
0.09 to 0.12 mg/1. Manganese and iron concentrations have ranged
from O.Q1 to 0.08 mg/1, and none detected to 0.13 mg/1, respec-
tively.

The EPA has established limits for concentrations in drink-
ing water of 0.05 mg/1 for chromium, 0.05 mg/1 .for manganese,
0'.30 mg/1 for iron, and S.O ag/1 for zinc. Consequently, concen-
trations of chromium and manganese in the perched groundwater
exceed the limits for drinking water,. The limit for manganese
appears itt the Secondary Drinking Water Standards which are
based on property protection and aesthetic criteria. The limit
for chromium appears in the Primary Drinking Water Regulations
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which are based on health related criteria. The concentra-
tions of chromium detected in the September sampling of wells
in the perched zone ranged from none detected at boring B-7,
to 0.12 mg/1 at monitor well M-2A (Figure 27}:~~

ORGAHICS: TCE, TCA, and 1,1-dichloroethylene (DCS) were
detected' in all.perched zone monitor wells (Appendix R, Tables
E-l through E-6). TCE concentrations in all samples collected
from the perched groundwater zone ranged from none detected to
•more than 1,300 ppb (parts per billion). Concentrations of
TCE in samples collected in September 1981 indicate a range
from 12 ppb at boring B-7, to more than 1,300 ppb at boring B-3
(Figure 18): .....

TCA concentrations ranged from 5 ppb at boring B-9, to
390 ppb at boring B-7 (Appendix Bt Tables E-l through E-6).
The" concentrations of TCA detected in the September 1981 samples
indicated a range from 5 ppb to 380 ppb (Figure 19).

• V,

Concentrations o'f D<£E in the perched groundwater range from
20 ppb af monitor well' K-2A. to 540 ppb at boring B-3 (Appendix E,
'Tables E-'l~ through H-6}. The: concentrations of DCE detected in
the September 1981 samples ranged from 20 ppb to 480 ppb (Fig-
ure 20).

A water'sample collected from monitor well B-l in Septem-
ber 1981 was analyzed for the EPA total organic priority pollu-
tants, which include TCE, TCA, DCE, and 110 other organic com-
pounds (Appendix J, Table 1-1). The pollutants detected included
260 ppb TCE, 390 ppb.DCE, 360 ppb TCA, 65 ppb toluene, and 52 ppb
of the base/neutral compound bis(2-ethylhexyl) phthalate (Appen-
dix Ij Table 1-1). No pesticides were found in the sample.
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CONCLUSIONS; The presence of EPA priority pollutants

TCE, TCA, DC£, toluene, and bis(2-ethylhexyl) phthalate in
the perched zone indicates that percolation of liquid wastes
did occur from the abandoned, unlined wastewater holding ponds,
and from the ditch located north of the evaporation ponds.
These organic substances are man-made, and. do not occur natu-
rally in' the perched groundwater.

•Hie presence of Itexa'Valent chromium in the perched zone
exceeding ambient concentrations in the regional aquifer also
indicates that wastewater has percolated to the perched ground-
water zone from overlying surface disposal sites and ditches.
The high concentrations of manganese might be related to the
natural occurrence of manganese oxide in desert alluvial soils,
or to percolation of wastewater. The concentration of iron
and zinc in the perched groundwater zone might also be related
to natural occurrence of these elements in the soils, or to
percolation of wastewater.

.Regional Aquifer

Groundwater samples from the regional aquifer were obtained
from production wells HAC-1, HAC-3, and HAC-4, and from monitor
wells HAC-2, Credit Onion, M-1A, M-1B, M-2B, and M-2C. Water
quality data obtained from these wells and from City of Tucson
well SC-7 have been used to define the chemical character of
groundwater in the regional aquifer system. Summaries- of chemi-
cal analyses of water samples from the HAC production wells and
monitor wells are contained in Appendices F, Gt St and 1. • Pro-
duction wells HAC-1, HAC-3, BAC-4, and SC-7; and monitor wells
HAC-2 and the Credit Onion, are, perforated in both the upper
and lower aquifer zones. Because the upper aquifer zone is
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more permeable than the lower zone, most of the water produced
is from the upper aquifer zone. Consequently, the water sam-
ples collected from these wells are primarily representative of
the upper aquifer zone.

COMMON IQWS: Groundwater in the upper zone of the regional
aquifer .'is predominantly a calcium bicarbonate type (Figure 16).
The upper aquifer zone extends from the water table to a depth
of about 200 feet, and comprises coarse sand and gravel with
lenses of clayey sand and sandy clay (Figure 4). Water samples
from the lower zone of the regional aquifer have been obtained
from wells M-1B and M-2C. Groundwater from the lower aquifer
zone is a sodium sulfate to sodium bicarbonate type (Figure IS).
The difference in the chemical character of groundwater in the
upper, and lower aquifer zones is probably the result of differ-
ences in permeability and circulation, ion exchange between the
groundwater and the aquifer materials, and the presence of sol-
uble salts in the aquifer. .

:-v
•• • •«

The chemical character of groundwater obtained from the
- Credit Union well is' anomalous when compared to other wells
penetrating the regional aquifer. Groundwater obtained from
the Credit Union well is a calcium sulfate type, -with an average
total dissolved solids content of about 650 mg/1 (Figure 16).
Groundwater obtained from other wells penetrating the upper
zone of the regional aquifer is a calcium bicarbonate type
with'average total dissolved solids contents ranging from about
260 to 390 mg/1 (Figure 16). The chemical character of ground-
water from the Credit Union well is similar to groundwater in
the perched zone, and suggests that this well has been contami-
nated by percolating wastewater.

Unlike the groundwater obtained from the Credit Union well,
the chemical character of groundwater at well SC-7 is similar
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to that observed for other wells penetrating the upper zone
of the regional aquifer in the vicinity of the HAC facility
(Figure IS). Groundwater obtained from City of Tucson well
SC-7 is a calcium bicarbonate type, with a total dissolved
solids content of about 340 ppm.

TRACE METALS; Chromium, zinc, manganese, and arsenic
have been detected in groundwater obtained from monitor wells
penetrating the regional aquifer at the HAC facility fAppen-
,dix G).' Chromium is the only trace metal detected in the re-
gional aquifer which exceeds the drinking water standard of
0.05 mg/1. The total chromium content at well HAC-1 has
ranged from 0.02 to 0.41 mg/l» with most concentrations greatear
than 0.20 {Appendix Gt Table G-?). The total chromium content
at the Credit Union well has ranged from O.ll'to 0.20 mg/1
(Appendix ff, Table G-ll). Groundwater samples obtained from
other wells perforated in,the upper zone of the regional
aquifer have chromium'contents less than 0.05 mg/1 (Figure 17),
Monitor wells M-2C and'M-lB, which are perforated only in the
lower aquifer-zone, alsQj.have chromium contents less than
,'O.OS mg/1 (Figure 27}.

Results of chemical analyses for chromium in groundwater
samples obtained from City of Tueson well SC-? are available for
the period 1964 to 1981. Chromium contents during this period
have ranged from none detected to O.Q7 mg/1 (Appendix G3 Table
G-26). The highest concentration of 0.07 mg/1 was reported in
1977. Since 1978, the chromium concentrations in the ground-
water have remained at 0.03 mg/1, which is below the Q.05 mg/1
standard.

Minor amounts of zinc and manganese have been detected in
some groundwater samples obtained from the regional aquifer.
These constituents are probably derived naturally from the basin
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fill sediments. Fluoride and arsenic were, also, detected in
monitor well M-2C, which taps the lower aquifer zone (Appen-
dix P, Table F-I5; Appendix G3 fable G-15). Similar concen*
trations of arsenic and fluoride have been reported for wells
northwest of the HAC facility in the vicinity of the projected
surface trace of the Santa Cruz fault (Laney, 1972). The pro-
jected surface trace of the Santa Cruz fault is located about
2,000 feet west of the HAC facility.

ORGANICS; TCE was detected in eight of nine wells com-
pleted in the regional aquifer at the HAC facility. Signifi-
cant concentrations were detected in samples obtained from
wells HAC-1, HAC-4, the Credit Union, and M-2B (Figure 18).
Concentrations .of TCE in these wells have ranged from 89 ppb
at well HAC-4 to 2,700 ppb at the Credit Dnion well (Appendix BJ
Tables H-7, B-10* B-113 and B-14). TCE concentrations in the
other wells were less than 10 ppb.

TCA was detected in:.-samples collected from wells HAC-1
' and the Credit Onion "(Appendix E, Tables E-? and H-ll) . Sam-
ples collected in September 1981 from these wells indicated
'TCA concentrations of 13 ppb at well HAC-1, and 6 ppb at the
Credit Dnion Well (Figure 19).

DCE was detected in five wells completed in the regional
aquifer at the HAC facility. Significant concentrations of DCE
were detected in water samples obtained from wells HAC-1 and
the Credit Union (Appendix H* Tables B-7 and E-ll). The con-
centrations of DCE present in the September 1981 samples were

' 47 ppb in well HAC-1, and 160 ppb in the Credit Union well (Fig-
ure 20). DCE concentrations in the other wells were less than
10 ppb.
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Water samples obtained from wells HAC-i and the Credit

Onion were analyzed for EPA priority pollutants (Appendix It
Tables 1-2 and 1-3). The only priority pollutants detected
in well HAC-1 were TCE, TCA, and DCE, Acid compounds, base/
neutral compounds, and pesticides were not found in the water
sample. Several of the EPA priority pollutants were detected
in the Credit Union well, including TCE, TCA, DCE, 1,2-trans-
dichloroethylene, phenol,_and di-n-butyl phthalate CAppen-
dis X, Table 1-3).

Water samples were collected from City of Tueson well SC-?
in March and May 1981 by EPA (Ecology and Environmentt Ino.j,
1581). Analysis of these water samples by EPA indicated TCE
concentrations of 77 and 66 ppb (Figure 18), and DCE concen-
trations of 11 and 2.1 ppb (Figure SO).

CONCLUSIONS: The occurrence of TCE,"DCE, and TCA in the
perched groundwater zone and in the regional aquifer indicates
that these organic compounds were constituents of the waste-
waters discharged at,the -HAC facility. Because TCE, TCA, and
•DCE are not naturally occurring substances, the presence of
these compounds in the upper zone of the regional aquifer sys-
tem indicates that infiltration and percolation of wastewaters
has occurred, and that wastewater has reached the regional aqui-
fer system.

The presence of elevated chromium concentrations in water
samples obtained from wells' perforated in the upper aquifer zone
also indicates- that percolation of wastewater to the regional
aquifer system has occurred in the HAC facility area. The ab-
sence of chromium in water samples obtained from,monitor wells
perforated only in the lower aquifer sone indicates that migra-
tion of contaminants to the lower aquifer zone has not occurred.
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The zinc, manganese,-arsenic, and fluoride_ detected in ground-
water samples obtained from the regional aquifer are probably
naturally occurring and unrelated to wastewater disposal prac-
tices.

The presence of toluene and bis(2-ethylhexyl) phthalate
in the perched groundwater zone also indicates that organic
compounds were discharged to the unlined wastewater disposal
ponds, and that fluids fgpm these ponds percolated to the perched
groundwater zone. The 1,2-trans-dichloroethylene, phenol, and
di-n-butyl phthalate detected in the Credit Union well suggest
that wastewaters of a different origin may have affected the
groundwater quality in the area of the Credit Union..
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CONCENTRATION OF TRACE METALS AND

ORGAN1CS IN SOIL SAMPLES

Soil samples were collected from 15 borings drilled at
abandoned waste disposal pits, ponds, and ditches (Figure S),
A total of 401 soil samples were collected and analyzed in
order to determine the nature and concentration of wastes
disposed of at known or suspected waste disposal sites. Con-
centrations of trace metals and organics significantly greater
than laboratory detection limits were used to verify the -loca-
tion and type of waste disposed of at each site. The soil
samples were prepared and analyzed for trace metals by BC Lab-
oratories, Inc., Bakersfield, California, in accordance with
procedures and methods recommended by the SPA {Appendix J).
Analyses for 2*C£, 2CA, and DCS were performed on 77 selected
soil samples by Jacobs Laboratories, Pasadena, California, in
accordance with procedures and methods recommended by the SPA
(Appendix J).

TRACE METALS

Soil sample extracts were analyzed for 14 selected trace
metals: ixon, manganese, copper, molybdenum, lead, chromium,
selenium, cadmium, mercury, silver, zinc, nickel, arsenic, and
barium (Appendix K), Detection limits for the trace metals
analyzed in the soil sample extracts are presented in Table 2.

Exploration borings B-l, B-2, S-3, B-9, B-10, and B-ll
were drilled at the "sites of abandoned wastewater and sludge
disposal ponds. These sites were used to dispose of 'waste
fluids and sludges containing high concentrations of various
metals. Analyses of soil samples collected from these borings
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indicate high metal- concentrations in the upper five to 10 feet
of soil (Appendix Kf Tables K-l- through K-3, and K-9 through
K-ll).

Borings B-l, B-2, and B-3 were drilled at the site of two
abandoned disposal ponds located west of the wastewater tre&t-
ment plant (Figure 2). Trace metal concentrations greater than
the detection limits were reported for chromium, copper, cad-
mium, zinc, and nickel" in the upper 10 feet of soil. In general,
the greatest concentrations of trace metals were found in the
upper two to three feet of soil. .

Borings B-10 and B-ll were drilled at the site of two aban-
doned sludge disposal ponds located east of Building 801 (Fig-

,ure 2). Boring B-J.1 penetrated a plastic membrane and a clay
layer which lined the bottom of the northern disposal pond.
Boring B-10 penetrated a plastic membrane which lined the south-
ern disposal pond. Trace metal concentrations greater than the
detection limits for chrp,mium, cadmium, nickel, arsenic, copper,
silver, and zinc, were reported in soil samples from borings
.B-10 and B-ll (Appendix 'K; Tables K-10 and K-ll). Significant
concentrations of these elements were limited to the upper
six feet of soil at boring B-10. Significant concentrations
of trace metals were detected in boring B-ll to a depth of
10.5 feet, which was the maximum depth of the soil boring.

Boring B-9 was drilled at the site of an abandoned dispos-
al pond which was located beneath portions of evaporation ponds 3
and 4 (Figure 2): Boring B-9 penetrated a layer of green clay
in the depth interval 3.00 to 3.75 feet (Appendix X, Table K-9).
This clay layer appears to have been the bottom of the pond.
Precipitates of copper and other metals probably cause the green
color in the clay. Concentrations of -manganese, copper, cad-
mium, zinc, and nickel in the green clay were 1.6, 110, 3.4, 7.0,
and 1.65 mg/1, respectively.

'
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Exploration borings B-4, B-5, B-6, B-12, B-I3, and B-15

were drilled at the site of suspected abandoned waste disposal
pits. Significant concentrations of trace metals were not re-
ported for soil samples from these borings (Appendix''£, Tab-
lea K-4, K-St K-S3 K-12, £-12, and K-15).

Exploration borings B-7, B-8, and B-14 were drilled in,'or
adjacent to, the ditch which is located north of the holding
ponds and evaporation ponds -(-Figure 2). significant concentra-
tions of trace metals were not reported for soil samples ob-
tained from these borings (Appendix K, fables K-?f K-8, and X-14}.

Conclusions

Based on the results of chemical analyses of soil sample
extracts, it appears that the unlined, abandoned wastewater
disposal ponds, and the sludge disposal ponds we're probably
the principal disposal sites for wastewater and sludge contain-
ing trace metals. Chemical analyses of soil samples obtained
beneath suspected disposal pits and ponds indicate that signi-
ficant- trace metal concentrations usually occurred in the
upper 10 feet of soils. The mobility of trace metals is re-
lated to the pH of the soils. The pH of the soils at the HAC
facility ranged from about 8 to 10 (Appendis K).• The alkaline
nature of the soils beneath the abandoned disposal ponds and
sludge ponds probably caused attenuation of most of the trace
metals in the upper 10 feet of soils.

Chemical analyses of soil samples obtained beneath" sus-
pected disposal pits indicate_that the pits are probably not
lurces of trace metal contamination for the groundwater system.
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interval penetrated by the soil borings. The source of manga-
nese in the soil samples is probably manganese oxide, which
occurs as a thin, black varnish or coating on soil particles.
The low solubility of manganese in alkaline soils, and the
natural occurrence of the manganese oxide'in soils, suggests .
that manganese would be a naturally occurring trace metal in
the type of soil found_ at- the HAG facility (Hctrmsen, 197?) .

ORGANIC CONSTITUENTS

Chemical analyses were performed on 77 selected soil sam-
ples from the soil' borings to determine the concentrations of .
TCE, TCA, and DCE (Table 3b. Concentrations of TCE were found
in all borings except B-ll (Figure 21). Concentrations of
TCE were usually less'than 20 ppb, but were as high as 45 ppb.
Concentrations of TCA;we,re reported only in soil samples from
borings B-9 and B-13. DCE was not detected in any of the I
.soil samples.

The highest concentrations of TCE were found in soil sam-
ples collected from borings B-12, B-13, and B-15, which were
drilled at suspected waste disposal pits (Figure 2). TCE con- !
centrations in soils at these three sites averaged about 20 ppb,
with concentrations as high as 45 ppb (fable $'), In general,
TCE concentrations, increased with depth, which might reflect
the volatile nature of TCE and the decreasing effect of evapora-
tion with depth.

Borings B—4, B-5, and B-6 were drilled at the sites of sus-
pected waste disposal pits (Figure 2). TCE concentrations in
these borings ranged from none detected to 13 ppb.
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Borings B-l,- BA3, and B-9 were drilled at abandoned dis-
posal pond sites north and west of the lined evaporation ponds.
TCE concentrations in soil samples from these borings averaged
about 8 ppb and ranged from none detected to 32" ppb (Table 3!).

Boring B-10 was drilled through an abandoned sludge dis-
posal pond located east of Building 801 (Figure S). TCE con-
centrations in soil samples obtained from boring B-10 ranged
from none detected to 5 ppb. TCE was not detected in the soil
samples obtained from boring B-llf which was also drilled
through an abandoned sludge pond located east of Building 801.

Borings B-7, B-8, and B-14 were drilled along the drainage
ditch north of the evaporation and holding ponds (Figure 21).
Concentrations of TCE in soil samples from these borings ranged
from 3 to 36 ppb.

Conclusions ' • :;
•B«̂ M̂»*̂ MMMMM|ll*«MM̂  * « *

Results of chemical,.analyses of soil samples indicate that
TCE was discharged in wastewater to the unlined ditch and aban-
doned disposal ponds, and was also disposed of in several pits
at the HAC facility. In general, concentrations of TCE in the
soils were greatest at the sites of suspected disposal pits.
Based on these data, it is concluded that the disposal pits in
the areas of borings B-12, B-13, and B-15 were the principal
disposal sites for TCE.

Concentrations of TCE as high as 45 ppb were detected at
a depth of 9 5 feet, which was the maximum depth of* samples
analyzed. These data' indicate that TCE is mobile in the sub-
surface, and is probably not significantly attenuated by the
soils. It is concluded that TCE has probably percolated to
the regional aquifer system beneath the HAC facility.
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TABLE 1

WELL
IDENTIFICATION

HAC-l

KAC-Z

HAC-3

HAC-4

CREDIT UNION

M-1A

M-IB

H-2A

•H-2B

M-2C 4

8-1

B-2

B-3

B-7

B-9

SUMMARY OF HATER SAMPLES COLLECTED FROM HELLS
HUGHES AIRCRAFT COMPANY , TUCSON, ARIZONA

......DATE SAHTLEO - 1981.

" Vt

T.R

T'.R'

T.R

T.R

rT, R *

TT

T,R

T»R

•*.*

O.t O.T.C.P

O.t o.t.C.P

T.R

T.R

T.R

T.R

T.R

T.R

t.R

T

T.R

E X P L A N A T I O N

Cheated Analyses:
0 - Volatile organic*
T - Trace BetaIs
R - Coraoon Ions
C - Cyanide
P - EPA priority pollutant*

's*inpl«« collected by Hughes Aircraft Conpany
bSaropU3 collected by Harfita & HontKiwcry. Inc.

T.R

O.T.R

O.T

O.T.R

O.T

O.T

O.T.R

O.T

O.T.C.1?

O.T

O.T

0,T

O.T

CO
O
CO

MONTOOMEXV. IN(
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TABLE 2

LABORATORY DETECTION LIMITS
FOR TRACE METALS

CONSTITUENTS

DETECTION
LIMIT

(irrilligpgita per liter}

Iron

Manganese

Copper

Molybdenum

Lead

Chromium

Selenium

Cadmium

Mercury

Silver

Sine '

Nickel

Arsenic

Barium

0.1

0.05

0.05

0.1

0.05

0.025

0.01

0.01

9-2

0.05

0.05

'0.01

0-01

1.0

(From EC Laboratories, Inc., Baksrafietd, California)

HAKGIS A MONTGOMERY. INC.
meson, AHZONA
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TABLE

CONCENTRATION
CONSTITUENTS IN

BORING -
NUMBER

B-l

B-3

DEPTH OF
SAMPLE1

0-1
1-2
3-4
7-8
14-15
30-31
35-36
50-51
70-71
77-78

5-6
7-8
19-20
45-46
80-81

TCE <PP

. ND*
2
4
8
11
7
20
15

.:: 3

.; :.-. 18• • *• .
*i!«

5
3
2
8
2

3 ';'

OF ORGANIC
SOIL SAMPLES .

b)2 TCA (PPb)

ND
ND
ND
ND.
ND
ND -
ND
ND
ND
ND

ND
ND
•ND
ND
ND

- 13.10 1

DCE (PPb>

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

.Analyses performed by Jacobs Laboratories, Pasadena, California

1Depth .below land surface, in feet.
2Parts per billion.
3None detected. HARGIS * MONTGOMEBT. INC.

TUCSON, ARIZONA



TABLE 3
CONCENTRATIONS OF ORGANIC .
CONSTITUENTS IN SOIL SAMPLES

3-2

BORING
NUMBER

B-4

B-5

.' B-6

DEPTH OF
SAMPLE1

1-2
6-7
20-21
54-55
90-91

1-2
6-7
20-21
49-50
84-85

1-2
5-6

21-22
49-50
95-96

TCE Cppb)z

2
5

"" 3
7
6

12
9
6
3

ND
t***

' *|
*t

-̂ .

2
ND
13
5
4

TCA CPP*»

ND»
ND
ND
ND
ND

*

ND
ND
ND
ND •
ND

ND
ND
ND
ND
ND

DCE (PPb)

ND
ND
ND
ND
ND

ND
ND
ND

ND
ND

ND
ND
ND
ND
ND

Analyses performed by Jacobs LaboTeztar£est Pasadena, California

1Ccpth 'belov land surface, In feet:
zParts per billion.
'None detected.

HASGIS & MONtTGOMEBT. WC.
tUCSOH. AtlZONA,



TABLE 3
CONCENTRATIONS- OF ORGANIC-
CONSTITUENTS IN SOIL SAMPLES

312

BORING DEPTH OF
NUMBER SAMPLE1

B-7 • . 1-2
' 7-8.
35-36
59-60
65-66
80-81
84-85

B-8 1-2
4-5
5-6

• *

; B-9 1-2
3-3.75
9-10
39-40
74-75

TCE (PPb)2

3
6

-" 12
4
10
3
13

13
11
11

: *-*
•*Ti

•' ' 17
6
5
11
32

TCA (PPb)

NO3

ND
ND
ND
ND
ND
ND

ND
ND
ND

ND
11
ND
ND
ND

DCE (PJ

ND
ND
ND
ND
ND
ND
ND

ND
ND
ND

ND
ND
ND
ND
ND

3-3

Analyses performed by Jacobs Laboratories', Pasadena,- California

1Depth below land surface, in feet.
2Parts per bill ion.
3None detected.

HAKGIS * MONTGOMEBTT. INC.
TUCSON. ARIZONA



TABLE 3
CONCENTRATIONS. OF ORGANIC .
CONSTITUENTS IN SOIL SAMPLES

3.13

3-4

BORING
NUMBER

B-10 ,

B-ll

• B-12 '

DEPTH OF
SAMPLE1

1-1.1
7-8
29-30
49-50
69-70
94-95

1-2
3-4
5-6
7-8

2-3
11-12
21-22
44-45
74-75

TCE <PPb)s

ND
ND

•? ND
5
2
4

ND
ND
ND
ND

•J"—

* 16
29
12
34
18

TCA (PPb)

ND3

ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND
ND

DCE (PPb)

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND
ND

Analyses performed- "by Jacobs laboratories, Pasadena, California

lDepch below land surface, in feet.
2Parts per billion.
3None detected.

HARCIS A MONTGOMERY. INC.
TUCSON, ARIZONA
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TABLE 3

CONCENTRATIONS. OF ORGANIC
CONSTITUENTS IN SOIL SAMPLES

BORING
NUMBER

B-13 .'

• .

B-14

.

B-15

DEPTH OF
SAMPLE

1-2
4-5
9-10
13-14
29-30
40-41
49-50
75-76
80-81
94-95

10-11
-24-25

3-4
8-10
16-18
44-45
94-95

TCE (PPb)

6
11

" " 7
14
10
33
35
11
25
41

.; - $ 36
-.' 14

r- •- -

5
11
24
32
45

TCA (PPb)

ND3

ND
ND
2

ND
ND
ND
ND
ND
ND

ND
ND

ND
ND
ND
ND
ND

DCE (PPb)

ND
ND
ND
ND
ND
ND
ND;

ND
ND
ND

ND
ND

ND
ND
ND
ND
ND

Analyses performed by Jacobs Laboratories, Pasadena, California

1Depth below land surface, in feet.
2Parts per billion.
3None detected.

HARGIS * MONTGOMERY. INC.
TUC3ON, AB1ZONA
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PHASE II . ..

INVESTIGATION OF SUBSURFACE CONDITIONS IN THE
VICINITY OF ABANDONED WASTE DISPOSAL SITES

HUGHES AIRCRAFT COMPANY MANUFACTURING FACILITY
TUCSON, ARIZONA

CONCLUSIONS

Analysis of geologic and hydrologic data collected at the
Hughes Aircraft Company (EAC) Manufacturing Facility in Sucson,
Arizona during the Phase, II investigation indicates the follow-

* • *

ing: ' !

1. Concentrations of trichloroethylene CTCEJ
greater than 10,000 ppb (paz'ts per billion)
occur in the regional aquifer beneath thê

• HAC facility site. High concentrations of
chromium, 1,1,1-trichloroethane (TCA), .and
1,1-dichloroethylene (DCE) also occur in
the regional aquifer beneath the SAC facil-
ity.

2. Solvent disposal pits located in the area west
of Building 801 and north of the wastewater

' treatment plant were probably the principal
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sources of TCE, TCA, and DCE that have con-
taminated the regional aquifer. Residual
concentrations of these organic•compounds
in the soils in this area are low, and in-
dicate that these abandoned pits are no
longer sources of contamination. . "'•

3. The abandoned sludge disposal pits east of
Building 801 were the principal source of
chromium that has contaminated the. regional
aquifer. Although scattered high residual
concentrations of chromium occur in the
soils beneath the abandoned pits, the ab-
sence of percolating fluid to mobilize the
chromium effectively eliminates this source
of contamination.

4. Contamination of the regional aquifer north
of the HAC facility property boundary has
probably occurred as a result of historic
waste disposal practices at the HAC facil-
ity. TCE concentrations greater than
2,000 ppb, DCE concentrations greater than
100 ppb, and TCA concentrations greater
than 10-ppb probably occur in the regional
aquifer north of the HAC facility property^
boundary.

5. Contamination of the regional aquifer with
chromium has apparently been limited to a
small area beneath the HAC facility due to
historic pumping of production well HAC-1.
Although some of the chromium contamination
may extend north of the facility property
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boundary in the vicinity of the Credit
Onion well, the contribution of historic
disposal practices to off-site chromium
contamination is probably small.

The perched groundwater zone discovered in
the area beneath the abandoned wastewater
disposal ponds and ditches is apparently
confined to an area of about 100 acres on
the HAG facility property. Contaminated
groundwater* in the perched zone does not
pose an immediate threat to water quality
in the regional aquifer off-site.
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RECOMMENDATIONS

The data collected during the Phase I and Phase II inves-
tigations provide an adequate base to design a groundwater
clean-up system at the HAC facility. The extent and.concen-
tration of contaminants in the regional aquifer northwest of
the EAC facility are unknown. The following are recommended:

1. Monthly sampling and chemical analysis of
groundwater for inorganic and organic
constituents from the monitor wells and
HAC production wells should continue.

2. A groundwater recovery and treatment system
should be designed and implemented as
soon as possible for the regional aquifer
beneath the HAC facility.
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PHASE II

INVESTIGATION OF SUBSURFACE CONDITIONS IN THE
VICINITY OF ABANDONED WASTE DISPOSAL SITES

HUSHES AIRCRAFT COMPANY MANUFACTURING FACILITY
TUCSQN, ARIZONA

INTRODUCTION

Pursuant to a. request from Mr. David L. Mulliken, Attorney,
Latham & Watkins, this summary report of the Phase II investiga-
tion at the Hughes Aircraft Company (SAC) Manufacturing Facility
in Tucson, Arizona has been prepared. The objectives of the
Phase II investigation were as follows:

1. Define the distribution of contaminants in̂ the
regional aquifer system.

t

2. Determine which sites were used to dispose of
organic solvents, and determine the residual
concentration of contaminants in the soils.

3. Estimate the contribution of contaminants from
the HAG facility to off-site groundwater con-
tamination.
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The design of the Phase II investigation was based on data

collected during the Phase I investigation, which was conducted
from May through October 1981 (Hargia & Montgomery, Jne., 1982).
The Phase I investigation comprised drilling exploratory soil
borings at suspected disposal sites, collection of soil samples
from the borings for determination of contaminant concentrations,
and construction of monitor wells for collection of groundwater
samples. • During the Phase I investigation, a zone of"perched
groundwater was discovered beneath the area of the abandoned
wastewater disposal ponds. Selected soil borings were completed
as monitor wells in this"perched groundwater zone. Chemical
analyses of water samples collected from these wells indicated
the presence of contaminants in the perched groundwater.

Data collected during the Phase I investigation indicated
that the regional aquifer system in the HAC facility area com-
prises two distinct water-bearing zones. They have been desig-
nated the upper and lower zones, and are separated by a clay
unit which restricts water movement between the zones (Bargis &.
Montgomery, Inc., 1982). Chemical'"analyses of water samples col-
lected from monitor well? penetrating the upper and lower zones
indicated that the zones-'.contain groundwater of different chemi-
cal quality, and that contamination of the aquifer.beneath the
site has apparently been limited to the upper zone. The Phase I
investigation also included determination of historic water level
changes, pumpage volumes, and the direction of groundwater move-
ment in the regional aquifer system. •

The Phase II investigation included drilling additional soil
borings at known and suspected disposal sites (Figure 1}. Soil
samples collected from the soil borings were analyzed for selected
organic compounds. -Monitor wells were constructed in the perched
groundwater zone, and in the upper and lower zones of'the regional
aquifer, to determine the distribution and concentration of
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contaminants. Pumping tests were conducted in production wells
HAC-1, HAC-3, and HAC-4 to provide data on the hydraulic charac-
ter of the regional aquifer.
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HYDROGEOLOGIC CONDITIONS

The regional geologic setting, local structural features,
and hydrogeologic conditions at the HAC facility were described
in the report of the Phase I investigation (Bargia & Montgomery,
Inc., 1982). The Phase I investigation comprised construction
and sampling of soil borings and monitor wells completed in
the perched groundwater zone and regional aquifer. During the
Phase II investigation, the areal extent and hydrogeologic
character of the regional aquifer and perched groundwater zone
at the HAC facility were further defined with data obtained from
additional monitor wells and soil borings. Lithologic logs of
.materials penetrated by the soil borings and monitor wells de-
fined the geologic nature of the perched zone and regional aqui-
fer (Appendices A and 3}. Hydrogeologic cross sections were
constructed based on these data (Figure 2), Additional data
concerning the hydraulic character of the regional aquifer was
obtained from pumping tests in monitor wells and the HAC produc-
tion wells.

REglONAL AQUIFER '

The nature of the regional aquifer in the HAC facility area
has been defined by data obtained from monitor wells and the HAC
production wells. A total of 24 monitor wells have "Keen con-
structed in the regional aquifer at the HAC facility during the
Phase I and Phase II investigations (Figure I). Hydrogeologic
cross sections constructed from lithologic logs of the monitor
wells indicate that the regional aquifer comprises an upper zone

• **
and lower zone separated by a thick sequence of clayey sediments.
An extensive clay layer also occurs above the water table. This
clay.layer retards the downward migration of fluids and has
caused the development of a perched groundwater zone above the
regional water table.
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Upper Zone

The upper zone of the regional aquifer comprises gravel!'
sand with some clayey sand and sandy clay. The upper zone ex
tends from the water table to a depth of about 200 feet, and
ranges in thickness from about SO to 100 feet {-Figure 3).
Groundwater occurs in the upper zone under unconfined condi-
tions. Monitor wells perforated only in the upper zone indi-
cate that the water table occurs at depths of about 100 to
140 feet beneath the HAG facility (Table 1).

^* *

The upper zone is underlain by a zone of clay and sandy
clay ranging in thickness from about 100 to 160 feet (Figure
This clay unit restricts the movement of groundwater between
•Use upper and lower zones of the regional aquifer.

Lower Sgne
The lower zone of the regional aquifer comprises clayey

sand with lenses of gravelly sand and sandy clay. The comple
thickness of the lower zojie has not been penetrated by wells
the SAC facility area. The lower zone extends from about 300
below land surface to an unknown depth fFigure 3).

Water levels measured in wells perforated only in the lc
zone are significantly lower than water levels measured in me
tor wells perforated only in the upper zone. The water level
difference between the upper zone and the lower zone ranges f
about seven feet at wells M-1A and M-1B, to about 115 feet at
wells M-2B and M-2C (Table 1). The difference in water level
between the two zones indicates there is potential for downwa
movement of groundwater from the upper zone to the lower zone
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The perched groundwater zone comprises sandy clay and clay,
and overlies the upper zone of the regional aquifer (Figure 3).
The perched zone underlies about 70 to 120 feet of unsaturated
alluvial sediments (Figure 3). These sediments consist of alter-
nating mixtures of sandy clay, clayey sand, gravelly sand, and
caliche.

The perching clay retards vertical migration of fluids be-
neath the HAC facility, causing perched groundwater zones to
develop beneath sources of percolating water. Perched ground-
water was encountered in several soil borings and perched zone
monitor wells constructed in the area of the abandoned wastewater
holding ponds (Figure 1). Perched groundwater was also encoun-
tered in holes constructed along the drainage ditch located
north of the holding and evaporation ponds at the wastewater
treatment plant (Figure 1). The perched groundwater body in
these areas has a surface area of about 100 acres, and a satu-
rated thickness ranging from less .than one foot to as much as
five feet (Figure 4). Water levels measured in the perched zone
monitor wells ranged from about 80 'to 100 feet below land sur-
face (Tab.le 2). The sources of water to the perched groundwater
zone probably include percolation of natural runoff and waste-
water from the abandoned wastewater holding ponds and ditches.

Water level contours of the perched groundwater̂ zone indi-
cate that a mound of groundwater occurs in the vicinity of
monitor wells B-9 and M-2A (Figure 4). This mound occurs be-
neath the abandoned wastewater disposal ponds and also beneath
an excavated area south of well M-2A. The area near well M-2A
receives runoff from the drainage ditch located north of the
holding and evaporation ponds. The perched groundwater mound
suggests that the abandoned wastewater disposal ponds, and the
excavated area south of well M-2A, are probably the sources of
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the water in the perched groundwater zone." The ditch north of
the holding and evaporation ponds, and the abandoned percola-
tion bed located east of holding pond no." 2, might also be
sources of the perched groundwater (Figure 2).

Perched groundwater was also encountered- in monitor wells
P-6 and P-10 (Fiffure 4), She perched groundwater observed in
these two wells is probably not continuous with the perched
groundwater body in the vicinity of monitor wells B-9 and M-2A.
Perched groundwater in the vicinity of well P-6 nay result from
percolation of runoff which ponds next to the railroad embank-
ment. Perched groundwater in the vicinity of well P-10 might
result from percolation of runoff in the nearby arroyo, and
percolation of discharge from the NPI3ES (National Pollution

Elimination System) west discharge (Figure 4J.
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HYDRAULIC CHARACTER OF REGIONAL AQUIFER

Hydraulic properties of the upper and lower zones of the
regional aquifer were determined from aquifer pumping tests.
Long-term aquifer tests were conducted at production wells
HAC-1, HAC-3, and HAC-4. Short-term aquifer tests were con-
ducted in 21 monitor wells during the Phase IX investigation.

Data from these pumping tests were used to determine the
aquifer coefficients of transmissivity and .storage.

. LONG-TERM AQUIFER TESTS.

Long-term aquifer tests, ranging from three to four days
in duration, were conducted at production wells HAC-1, HAC-3,
and HAC-4. Tests were conducted at these wells to determine

•• hydraulic properties in the upper zone of the regional aquifer.
*̂

Pumping equipment was removed from each well and a submer-
1} sible test pump installed. Because wells HAC-1, HAC-3, and
'.< HAC-4 are perforated in'both the upper and lower zones b'f the
..< regional aquifer,, an inflatable packer was attached to the
••{ bottom of the test pump assembly in order to seal off the lower

aquifer zone. The packer was placed at a depth of 236 feet in
t wells HAC-1 and HAC-3, and at a depth of 223 feet i»"=well HAC-4

(Figure S).

Water level measurements in the pumped wells and monitor
x wells were obtained with electric sounders. Pumping rates at
e wells HAC-1 and HAC-3 were measured with a cumulating flowmeter
a installed in the discharge line. Pumping rates at well HAC-4
c were measured with an orifice plate and pitot tube. All well

discharge was piped to holding, ponds at the wastewater treat-
ment plant.
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The aquifer test at well HAC-1 comprised pumping well HAC-1
at an average discharge rate of 478 gpm (gallons per minute) for
four days, and measuring water level drawdown and recovery in
wells HAC-1, M-3A, M-3B, M-5, M-ll, and'M-20 (Figure 1). Pump-
ing at well HAC-1 started at 0830 hours on December 15, 1981
and ended at 1000 hours on December 19, 1981. Water level re-
covery was measured for a period of about 3-1/2 days after pump-
ing stopped.

Analysis of aquifer "test data indicates that the transmis-
sivity of the upper zone of the regional aquifer in the vicinity
of well HAC-1 is about 25,000 gpd/ft (gallons per day per foot
vidth of aquifer at 1:1 hydraulic gradient). The aquifer test
data indicate a storage coefficient of about 0.09 (Table 3).
Under conditions of long-term pumping, the storage coefficient
would probably approach 0.15.

Based on a saturated thickness of about 70 feet, the average
permeability of the upper aquifer 'zone in the vicinity of well
HAC-1 is estimated to be,about 3SO gpd/ft2 (gallons per day per
square foot) (Table 3)..'

Wall: EAC-3- Aquifer Test

The aquifer test at well HAC-3 comprised pumping- well HAC-3
at an average discharge rate of about 508 gpm for four days,
and.measuring water level drawdown and recovery in wells HAC-3,
M-1A, and M-1B (figure 1). Pumping at well HAC-3 started at
1720 hours on December 5, 1981 and stopped at 1720 hours on De-
cember 9, 1981. Water level recovery was measured for a period
of about four days after pumping stopped.
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Analysis of aquifer test data indicates that the transmis-

sivity of the upper zone of the regional aquifer in the vicinity
-of well EAC-3 is about 40,000 gpd/ft (Table 3). Under condi-
'tions of long-term pumping, the storage coefficient would prob-
ably approach 0.15.

Based on a saturated aquifer thickness of about 75 feet,
the average permeability of the upper aquifer zone in the vicin-
ity of well EAC-3 is estimated to be about 530 gpd/ft2 (Table 3).

Well HAC-4 Aquifer Test

The aquifer test at well HAC-4 comprised pumping well HAC-4
at an average discharge rate of 13.4 gpm for three days and mea-
suring water level drawdown and recovery in well HAC-4 and moni-
tor well M-16 (Fi-gure 1) . Pumping at well HAC-4 commenced at
0830 hours on November 29, 1981 and ended at 0830 hours on De-
cember 2, 1381. . Water -level recovery was measured in wells HAC-4
and M-16 for about 2-1/2 days after pumping stopped.

Analysis of aquifer test data indicates that the transmis-
sivity of the upper zon6 of the regional' aquifer in the vicinity
of ŵ ell HAC-4 is about 30,000 gpd/ft. The test data indicate a
storage coefficient of about 0.09 (Table 3). Under conditions
of long-term pumping, the storage coefficient would probably
approach 0.15.

Based on a saturated thickness of about 85 feet, the average
permeability in the vicinity of well HAC-4 is estimated to be
about 350 gpd/ftz (Table 3).

SHORT-TERM AQUIFER TESTS

Short-term aquifer tests were performed in 20 Phase II moni-
tor wells, and Phase I monitor well M-1B. Short-term tests
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comprised pumping each well for a period of about six hours,
and measuring water level drawdown and recovery in the well.
These tests were conducted to provide additional data concern™
ing the coefficient of transmissivity in the upper and lower
zones of the regional aquifer.

A submersible test pump was initially installed in each
well. The discharge line at each well was equipped with a
cumulating flowmeter and/or an orifice pipe and pitot tube sys-
tem for measuring discharge rate.

Analysis of water level recovery data provides an estimate
of the transmissivity of the aquifer in the vicinity of each
monitor well (Table 3}. Results of these analyses indicate that
the transmissivity of the upper zone of the regional aquifer
ranges from about 100,000 to less than 1,000 gpd/ft, and the
transmissivity of the lower son® of the regional aquifer ranges
from about 200 to 3,000 gpd/ft (Table 3).

The estimated permeability of, the upper zone of the regional
aquifer ranges from about 6 to 1,400 gpd/ft2 (Table 3). The
permeability of the lower zone ranges from about 1 to 20 gpd/ft2

(Table 3). .

CONCLUSIONS

Analysis of aquifer tests indicates that the average coef-
ficient of transmissivity of the upper zone of the regional aqui-
fer is about 30,000 gpd/ft at the HAC facility. Results of
aquifer tests indicate that the transmissiv̂ ty of the upper zone
tends to increase t'o the west and northwest across the HAC fa-
cility property.
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Analysis of water level drawdown data collected in moni-
tor wells during the long-term aquifer tests indicates a coef-
ficient of storage in the upper zone of about 0.09. The
coefficient of storage would probably approach 0.15 after sus-
tained pumping of several months or years.

The average permeability of the upper zone of the regional
aquifer in the HAC facility area is estimated to be on the order
of 100 to 1,000 gpd/ft2. The average permeability of the lower
zone is estimated to be on the order of 1 to 10 gpd/ft2.
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CHEMICAL QUALITY OF WATER

GRQUNBWATER

The chemical character of groundwater in the MAC facility
area has been defined by laboratory analyses of groundwater
samples collected from production wells, monitor wells, and
soil borings. Three production wells, seven monitor wells,
and five soil borings were sampled on the facility property
during the Phase I investigation (Rargia & Montgomery, Inc.>
1982). Water quality da€a from production well SC-7, located
west of the EAC facility, were obtained from the City of Tucson
Water Department. Additional water quality data have been ob-
tained from these wells during the Phase XI investigation, and
from monitor wells constructed in the regional aquifer and
perched groundwater zone during the Phase II investigation.

Phase II Water Sampling
••̂ •̂kM'MMMMMHî ^̂ Ĥ M̂ HB̂ Ĥ r̂tBMPMWHHBlM̂ Ĥ MMCWl'K* *

During the period October through December 1981, 29 moni-
tor wells were constructed at the HAC facility. Nine monitor
wells were constructed in the perched groundwater zone and
20 monitor wells were constructed in the upper and lower zones
of the regional aquifer.

Groundwater samples have been collected rnonthly=̂ from pro-
duction wells HAC-1, HAC-3, HAC-4, and the Credit Onion well
since May 1981. The monitor wells have been sampled monthly as
they were completed. Chemical analyses have included determina-
tion of routine constituents, selected trace metals, and vola-
tile organics. Routine constituents comprise common ions and
cyanide. Selected wells have also been sampled for EPA (Environ-
mental Protection Agency} priority pollutants.

' Analyses for routine constituents and trace metals were
performed by BC Laboratories, Xnc., Bakersfield, California.



HARGIS & MONTGOMERY. INC.
18.

358
Analyses for volatile organics, EPA priority pollutants, and
cyanide were performed by Jacobs Laboratories, Pasadena, Cali-
fornia. All water samples were collected and processed accord-
ing to standard techniques (Appendix C).

Water samples collected from monitor well M-6, perforated
in the upper zone of the regional aquifer, and monitor well
P-10, perforated in the perched groundwater zone, were analyzed L
for EPA"priority pollutants. The EPA priority pollutants in- '
elude volatile organic compounds, acid compounds, base/neutral
compounds, and pesticides. A total of 113 compounds were ana-
lyzed by Jacobs Laboratories.

Perched Zone
Perched groundwater was encountered in monitor wells C-3,

P-l^ P-6, P-8, P-10, and B-19 constructed during the Phase II
investigation (Figure 4). Perched groundwater was also en-
countered in soil borings B-l, B-2-, B-3, B-7, B-9, and monitor
well M-2A constructed during the Phase I investigation (Figure 4).

\; '

COMMON IONS: Groun'dwater in the perched zone is generally
a sodium sulfate or calcium sulfate type. Calcium and sodium
are the principal cations, and sulfate is the principal anion in
solution (Appendix D, Tables D-l through D-ll). Thê .total dis-
solved solids content of water samples collected from the perched
zone ranged from about 400 to 1,200 mg/1 (milligrams per liter).
In general, when the perched groundwater has a total dissolved
solids content less than 500 mg/1, it is a calcium or sodium bi-
carbonate type. When the perched groundwater has a total dis-
solved solids content more than 500 mg/1, 'it is usually a calcium
sulfate type.
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TRACE METALS: Significant concentrations of chromium,

iron, manganese, and zinc have been detected in groundwater
samples obtained from the perched zone. Borings B-l, B-2, B-3,
and B-9 were completed in the perched zone in or near the aban-
doned wastewater disposal ponds (Figure I). Concentrations of
trace metals in groundwater samples obtained from these borings
are as high as 0.16 mg/1 for chromium, 0,13 mg/1 for iron,
1.10 mg/1 for manganese, and l.BO mg/1 for zinc (Appendix s,
Tables S-Z through E-3 and E-S). Chromium, iron, manganese,
and zinc have also be,en detected in the perched groundwater at
monitor well M-2A (Appendix Et Table E-?). The concentration
of total chromium in the perched zone has ranged from none
detected at well P-1Q, to 0.21 mg/1 at well B-3 (Figure 6).
The chromium content of the perched groundwater appears to be
greatest in the area of the abandoned wastewater disposal ponds.

The EPA has established limits for concentrations in drink-
ing water of 0.05 mg/1 for chromium, 0.05 mg/1 for manganese,
0.30 mg/1 for iron, and 5.0 mg/1 for zinc. Consequently, con-
centrations of chromium and manganese in. the perched groundwater
exceed the limits for drinking water. The limit for manganese
appears in the Secondary Drinking Water Standards which are
based on property protection and aesthetic criteria. The limit
for chromium appears in the Primary Drinking Water Regulations
which are based on health related criteria.

ORGANICS; Trichloroethylene (TCE), 1„1,1-trichloroethane
(TCA), and 1,1-dichloroethylene (DCS) were detected in all
perched zone monitor wells containing groundwater except for
wells P-6 and P-10 (Appendix Ft Tables F-l through F-12). TCE
concentrations in all samples collected from the perched ground-
water zone ranged from none detected to more than 1,600 ppb (parts
per billion). The highest concentrations of TCE in the perched
groundwater zone occur in monitor wells P-i, B-l* B-2, B-3, and
B-9,, which were constructed in the area of the abandoned waste-
water disposal ponds (Figure. $}.
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Maximum TCA concentrations detected in the perched ground-

water have ranged from'none detected to 390 ppb (Figure 6). The
highest TCA concentration of 390 ppb was found in monitor well
•B-7, located north of the holding ponds along the drainage ditch
(Figure 6). TCA concentrations ranging from 55 ppb at well B-9,
to 380 ppb at well B-l, were detected in the area of the aban-
doned wastewater disposal ponds.

Maximum concentrations of DCE in the perched groundwater
zone have ranged from none detected to 690 ppb (Figure 6). The L
highest DCE concentration of 690 ppb was found in monitor well p
B-3, located in the area of the abandoned wastewater disposal
ponds. DCE concentrations ranging from 390 to 480 ppb were de-
tected in monitor wells B-l, B-2, and B-9, which are also located
in the area of the abandoned wastewater disposal ponds. Signi-
ficant concentrations of DCE were also found in perched zone
monitor wells B-19, B-7, and C-3 which are located along the
drainage ditch (Figure 6).

Monitor well P-10 was located'near the NPDES west discharge
'in order to determine .the effect of this discharge on the perched
groundwater zone. A water sample collected from well P-10 in
November 1981 was analyzed for the EPA total organic priority
pollutants, which, include TCE, TCA, DCE, and 110 other organic
compounds (Appendix ff, Table G-2). The only pollutant detected
was bis(2-ethylhexyl) phthalate at 25 ppb. «*

CONCLUSIONS; The distribution and concentrations of chromium,
TCE, TCA, and DCE'in the perched groundwater zone indicate that
the ditch located north of the holding and evaporation ponds, and
the abandoned wastewater disposal ponds, were sources of organic
contaminants that percolated to the perching clay.
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Production wells HAC-1, HAC-3, HAC-4, and SC-7, and moni-

tor well HAC-2 are.perforated in both the upper and lower aqui-
fer zones. Because the upper aquifer zone is more permeable
than the lower zone, most of the water produced front these wells
is from the upper -aquifer zone. Consequently, the water samples
collected from these wells are primarily representative of the
upper aquifer zone.

COMMON IQNS; The upper aquifer sone extends from the water
table to a depth of about 200 feet (Figure 31. Groundwater in
the upper zone of the regional aq\iifer is predominantly a calcium
bicarbonate type with a total dissolved solids content less than
about 500 mg/1. Exceptions are groundwater obtained from upper
zone monitor wells M-5, M-3JI, M-7, M-ll, and the Credit Union.
The total dissolved solids content of groundwater obtained from
these wells ranged from about 550 mg/1 in well M-7, to about
1,100 mg/1 in well M-5 (Appendix D).

The lower aquifer zone occurŝ  below & depth of about 300 feet:
(Figure 3). Groundwater in the lower aquifer zone is a sodium
sulfate or sodium bicarbonate type with a total dissolved solids
content ranging from about 250 to 400 mg/1 (Appendix D).

*,

TRACE _ METALS, s Chromium, zinc, manganese, and arsenic have
been detected in groundwater obtained from monitor wells pene-
trating the regional aquifer at the EAC facility (Appendix S) .
Chromium is the only trace metal detected in the regional aqui-
fer which exceeds the drinking water standards. Groundwater
samples obtained from wells perforated in the upper zone have
maximum chromium contents ranging from less than 0.01 mg/1 to
0.50 mg/1 (Figure ?). The highest chromium concentrations in
the upper zone occur in the area between monitor well M-20, which
is located in the vicinity of the two abandoned sludge disposal
pits east of Building 801, and production well HAC-1. Another
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area of high chromium content in groundwater in the upper aqui-
fer zone occurs in the area between monitor well M-7 and the
Credit Union well (Figure ?). L

Groundwater samples obtained from monitor wells perforated
in the lower aquifer zone have maximum chromium concentrations
ranging from less than 0.01 mg/1 to 0.02 rag/1 (Figure ?).

Minor amounts of zinc and manganese have been detected in
some groundwater samples obtained from the regional aquifer.
These constituents may. be derived naturally from the basin fill L
sediments. Significant concentrations of fluoride and arsenic p
were detected in monitor wells M-2C and M-3B, which tap the
lower aquifer zone (Appendix D, Tables D-15 and D-17; Appendix Z,
Tables E-15 and E-17). Similar concentrations of fluoride and
arsenic have been reported from other wells penetrating the
lower aquifer zone in other areas of the Tucsan Basin.

ORGANICS; TCE has been detected in all groundwater monitor-
ing wells perforated in the upper 'zone of the regional aquifer,
except for monitor wells M-1A and M-1S (Figure B). TCE has also
been detected in monitor wells M-3B and M-12B, which penetrate
the lower zone of the regional aquifer. Concentrations of TCE
in the upper zone range from about 13,000 ppb at monitor well M-ll,
to 3 ppb at well M-19 (Appendix F), The highest concentration of
TCE in the upper zone occurs in the area north of ttie. holding
ponds and west of production well HAC-1 (Figure 8). Concentra-
tions of TCE in groundwater in this area range from about 8,000
to 13,000 ppb.

Concentrations of TCE in the lower aquifer zone were 86 ppb
in well M-3B, and 2 ppb in well M-12B (Appendix FJ Tables F-1B
and F~28). TCE has not been detected in the lower aquifer zone
at monitor wells M-1B and M-2C (Appendix F, Tables F-14 and F-16).
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TCA has been detected in monitor wells only in the area

west of production well HAC-1 and north of the evaporation
and holding ponds (Fi.gu.re 9) . TCA has not been detected in
monitor wells perforated only in the lower aquifer zone. TCA
concentrations in groundwater samples; obtained from wells per-
forated in the upper aquifer zone range from 630 ppb in moni-
tor well M-ll, to 1 ppb in well M-8 (Appendix F). The highest
concentration of TCA in the upper zone occurs in the vicinity
of well M-ll, and appears to be approximately coincident with
the area of highest TCE concentrations (Figure 9).

DCS has been detected in monitor wells located in the area
west of monitor well M-20 and north of the evaporation and
holding ponds (Figure 10). DCE has been detected in the lower
aquifer zone only at monitor well M-3B (Appendix F). DCE con-
centrations in groundwater samples obtained from wells perfora-
ted in the upper aquifer "zone range from 3,320 ppb to none
detected (Figure 10). The highest concentration of DCE in the
upper aquifer zone occurs in the vicinity of well M-5, and also
appears to be approximately coincident with the areas of highest
TCE and TCA concentrations.

• *

...Because of its location near the NPDES west discharge, a
groundwater sample obtained from monitor well M-6 was analyzed,
for EPA priority pollutants (Appendix G, Table S-2). Pollutants
detected included TCE, DCE, chlorofozna, tetrachloroethylene,
1,2-trans-dichloroethylene, TCA, and trichiorofiuoromethane.
Except for TCE and DCE, these pollutants were detected at levels
of 20 ppb or less.

CONCLUSIONS; Because TCE, TCA, and DCE are not naturally
occurring substances, the presence of these compounds in the
upper zone of the regional aquifer system indicates that perco-
lation of wastewater to the regional aquifer has occurred. The
distribution and concentrations of TCE, TCA, and DCE in the
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upper zone indicates, that the principal area of waste disposal
for these organic compounds was in the area located west of
Building 801 and north of the evaporation and holding ponds.
The distribution and concentration of TCE in the upper zone also
indicates that a secondary disposal site for TCE was located in
the southeastern portion of the' HAC facility property in the
vicinity of monitor well M-18.

Contamination of the upper aquifer zone north of the HAC
facility property has probably occurred due to waste disposal
practices at the HAC facility. Groundwater samples obtained
from monitor wells tapping the upper aquifer zone on the HAC
facility property suggest that groundwater in the upper zone
north of .the facility property boundary might contain TCE con-
centrations greater than 2,000 ppb, DCE concentrations greater
than 100 ppb, and TCA concentrations greater than 10 ppb. This
groundwater contamination is probably the result of historic
waste disposal practices at the HAC facility.

*,

The concentration and distribution of TCE and DCE in the
lower aquifer zone suggests that contamination of the lower zone
has occurred only in the area west of Building 801 and north
of the holding ponds. The low concentrations of DCE in the lower
zone are not significant. The concentration of TCE in well M-3B
is 86 ppb, and indicates that vertical migration of contaminated
groundwater 'from the upper zone to the lower zone tiara occurred,
or that production well HAC-1 has acted as a conduit for move-
ment of groundwater from the upper zone to the lower zone.

The concentration arid distribution of chromium in the upper
aquifer zone suggests that the principal 'source of chromium con-
tamination was seepage from the abandoned sludge disposal pits
located east of Building 801. It appears that the plume of
chromium-contaminated groundwater has been contained by the pump-
ing of production well HAC-1. The additional plume of chromium-
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contaminated groundwater in the vicinity of the Credit Union
well and monitor well M-7 might have originated from the same
source, or could have originated from seepage from the abandoned
•wastewater disposal ponds. The low chromium contents in ground-
water obtained from wells perforated in the lower aquifer zone
indicate that chromium contamination of the lower zone has not
occurred.
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CONCENTRATION OF TRACE METALS AND

ORGAN1CS IN SOIL SAMPLES

Soil samples were collected from 16 borings drilled during
the Phase II investigation at abandoned waste disposal pits,
ponds, and ditches (Figure 1). A total of 28? soil samples
were collected and analyzed to determine the. nature and concen-
tration of volatile orgardes disposed of at known or suspected
waste disposal sites. Twenty soil samples collected from bor-
ing C-8 were also analyzed for selected trace metals. The soil
samples were prepared -and analyzed for trace metals by BC Labor-
atories, Inc., Bakersfield, California, in accordance with pro-
cedures and methods recommended by the EPA (Appendix B). Analy-
ses for TCE, TCA, and DCS were performed by Jacobs Laboratories,
Pasadena, California, in accordance with procedures and methods
recommended by the EPA (Appendix 3),

TRACE METALS

Soil boring C-8 was;drilled at the site of two abandoned
sludge disposal pits east of Building 801 (Figure 1). Soil
borings constructed and sampled during the Phase I investigation
indicated significant concentrations of metals in the upper five
to 10 feet of soil (Hargia & Montgomery, Inc., 1982). Boring C-8
was constructed to confirm the earlier findings, obtain soil sam-
ples at greater depths, and determine whether a perched ground-
water body was present in the subsurface beneath the abandoned
sludge disposal pits.

'Soil sample extracts from boring C-8 were analyzed for 14
selected trace metals: iron, manganese, copper, molybdenum, lead,
chromium, selenium, cadmium, mercury, silver, zinc, nickel, ar-
senic, and barium (Appendix I, T.able 1-2). Results of these
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analyses indicate high chromium concentrations extending to a
depth of about 75 feet below land surface. Significant con-
centrations of other metals were not detected in these samples,

Conclusions

Analysis of soil samples from boring C-8 confirms the
Phase I investigation finding that the abandoned disposal pits
east of Building 801 were probably the principal disposal sites
for sludge containing trace metals. The chromium concentrations
at depth indicate that fluids containing high concentrations of.
chromium percolated through the subsurface materials beneath
the sludge disposal pits.

ORGANIC CONSTITUENTS

Chemical analyses were performed on 282 soil samples from
the Phase II soil borings to determine the concentrations of
TCE, TCA, and DCE (Appendix It Tables X-S through 1-17). Low -

» *

concentrations of TCE were detected in all of the soil borings,
Concentrations of TCE'were usually less than 10 ppb, but were
as high as 26 ppb, TCA was detected only in borings B-19, C-l,
C-2, C—4, and C-5 (Appendix I). Concentrations of TCA were
usually less than 5 ppb, but were as high as 10 ppfa._JDCE was
detected only in soil borings C-2 and C-S at concentrations less
than 5 ppb.

The highest concentrations of TCE were found in samples col-
lected from borings B-16, B-19, B-23, and C-7 (Appendix J,
Tables 1-2, I-St I-8.t and I-1S). Boring B-16 is located in the
area west of Building 801, and boring B-19 is located in

a known disposal pit. Boring B-23 is located south
of the holding ponds in an area assumed to be
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representative of native, uncontaminated conditions. Boring C-7
is located in a known disposal pit. TCE concentrations greater
than 10 ppb in boring B-23 were associated with clays, which
might contain organic material that would interfere with the
analysis. Data obtained from boring B-23 suggests that TCE con-
centrations for the soils less than about 10 ppb are probably
not meaningful.

Conclusions

Results of chemical analyses of soil samples for volatile
organics indicate that TCE is present in at least trace amounts
at all of the suspected disposal sites. Results of these analy-
ses confirm the findings of the Phase I investigation that TCE
was discharged in wastewater to the unlined ditch and abandoned
disposal ponds, and was also disposed of in several pits at the
HAC facility. Although concentrations of TCA and DCE in the soils
are low, their presence in borings C-l, C-2, C-4, and C-5 indi-
cates that fluids in the drainage ditch and the abandoned waste-
water disposal ponds contained organic solvents.

'
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TABLE i

WATER LEVELS IN THE REGIONAL AQUIFER

371

WELL
IDENTIFIER

Upper Zone
M-1A
M-2B
M-3A
M-4
M-5 *
M-6
M-7
M-8
M-9
M-10
M-ll
M-12A
M-13
M-14
M-15
M-16
M-17
M-18
M-19
M-20
CREDIT
ONION

DATE
MEASURED

2-Q8-s82
12-24-81
1-23-82
2-08-82
12-24-8*1
1-22-82
1-23-82
11-30-81
11-27-81
12-24-81
1-22-82
1-23-82
12-24~-81
12-01-81
1-23-82
1-23-82
1-25-82
12-15-81
12-04-81
1-23-82

1-22-82

MEASURING
POINT

ELEVATION
(ft, msl)

2,622.25
2,576.74
2,599.71
2,589.47
2,592.26
2,589.92
2,580.01
2,571.83
2,579.91
2, 575*; 5 9
2,595.95
2,5S8.Q7
2,567.17
2,573.28
2,608.91
2,611.19
2,623.16
2,643.26
2,616.81
2,605.08

2,577.61

DEPTH
TO

' WATER
(feet)

141.15
112.25
127.78
118.78
130.06
123.44
121.58
108.28
114.85
110.24
125.28
105.79
104.84
108.46
124.94
125.00
128.22
142.42
118.64
126.42

114.21

WATER
LEVEL

ELEVATION
(ft, mal)

2,481.10
2,464.49
2,471.93
2,470.69
2,462.20
2,466.48
2,458.43
2f463.55
2,465.06
2,465.35
2,470.67
2,462.28
2,462.33
2,464.82
2,483.i7

__ 2,486.19
2,494.94
2,500.84
2,498.17
2,478.66

2,463.40

EABGIS A MONTGOMERY. INC



TABLE 1
WATER LEVELS IN THE REGIONAL AQUIFER

WELL
IDENTIFIER

Lower Zone
M-1B
M-2C
M-3B
M-12B

DATE
MEASURED

1-25-82
2-08-82
2-08-82
1-23-82

MEASURING
POINT

ELEVATION
(ft*

2,622.67
2,576.40
2,601.37
2,569.52

DEPTH
TO

WATER
(feet)

148.05
228.07
144.61
182.45

372

WATER
LEVEL

ELEVATION
(ft, mal)

2,474.62
2,348.33
2,456.76
2,387.07

Composite
HAC-1 '
EAC-2
HAC-3
HAC-4

1-22-82
1-22-82
12-05-81
11-29-81

2,602.60
. 2,597.43
2,619.25
2,612.25

131.18
120.17
140.98
143.00

2,471.42
2,477.26
2,478.27
2,469.25

BAUCIS A MONTGOMERY, INC.



TABLE 2

WATER LEVELS IN THE PERCHED ZONE 373

WELL
IDENTIFIER

P-l
P-2
P-3
P-4
P-5
P-6
P-7
P-8
P-10

B-l
B-2
B-3
B-4
B-5'
•B-6
B-7
B-9
a-io
B-12
B-13
B-15
B-19
C-3

DATE
MEASURED

2-08-82
1-23-82
1-23-82
2-08-82
1-23-82
2-08-82
1-23-82
2-08-82
2-08-82

2-08-82
2-08-82 •
2-08-82
1-23-82
1-23-82
1-23-82
2-08-82
2-08-82
7-30-81
1-23-82
1-23-82
1-23-82
2-08-82
2-08-82

MEASURING
POINT

ELEVATION
Cft, mat)

2',580.68
2,580.92

" 2,571.84
2,567.23
2,570.56
2,568.08
2,578.86
2,582.48
2,590.07

2,574.88
'.; 2,576.45
2,577.23
2,599.12
2,598.78
2,595.23
2,590.72
2,581.44
2,605.30
2,619.32
2,596.09
2,643.12
2,589.50
2,582.33

DEPTH
. TO
WATER"
Cfeet)

103.45
dry
dry
dry
dry
94.52
dry
90.17
95.13

81.54
83.33
86,87
dry
dry
dry
88.18
84.49
dry
dry
dry
dry
dry
89.21

WATER
LEVEL

ELEVATION
(ft, msl)

2,477.23
- —
— .-
„.— .
___

2,473.56
——

2,492.31
2,494.94

2,493.34
2,493.12
2,490.36

__—
_-_
___

£̂,502.54
2,496.95

— —
——
_. —
_. —
——

2,493.17

HABGIS * MONTGOMERY



TABLE 3 374

SUMMARY OF AQUIFER PARAMETERS

LOMa-TEBH TESTS

SATURATED
TRAHSmSSWITY THICKNESS PERMEABILITY

topd/ft>M (fmtt) (a9d/ftl)M

RAC-1
HAC-3
BAC-4

25,000
40,000
10,000

70
7S
•S

3(0
SJO
MO

STORAGE .COEFFICIENT1'
0.0*
0.001
0.01

SHORT-TEEM TESTS

WELL

H-ll
H-3A
M-3*
M-4
M-5
M»6
It-7
M-l
M-9
N»10
H-U
H-12X
M-12S
M-13
H-14
H-15
M-1C
K-17
H-l*
H-l»
H-20

TRANSntSSIVJTY

3, DOS
It, 000

200
7,000

50,000
11,000
15,000
70,000
40,000
40.000
20.000
JO-,000 ' -

too '
55,000 ..

100,000
400

35,000
50,000
10,000

1.000
15,000

SATURATES
THICKNESS

tftt-cl

150
70

ISO
cs
75
35
70
£5
70
70
50
Si

US
60
70
70
• 5
70 '
40
70
40

PEWttABILJTV
fgp<f//t*>*' AQUIFER ZONE

20
270

1
(0

670
510
210

1,100
570
570
400

2
900

1,400
«

400
710
250

IS
375

Upper
LOMir
Oppor

Opp«r
Upper
Opp«r
Opp«t
Dppu

crpp«r

Cppu

Upper
UffMt

l/Gallmi p«r da* p»r feet uidtk o/ aqtiiftr at 1:1

1/eallen* p»r dan p»r xfuor* /ooe.
.iomU.*; i-atie a/ ieh* »otu«. of uatir r«l«a««f

unit mrfaaf arta ef o?nv/»r p«p unit d»olxn« v»

HABGIS * MOMTGOMEKT. INC.
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I, INTRODUCTION

As part of a•groundwater remediation program to prevent
migration of' groundwater containing volatile organic compounds
(VOC's) and chromium, and to remove VOC's and zhromium from
the aquifer, the Hughes Aircraft Company -(HAC), under contract

p- with the U.S.'Air Force, retained Malcolm Pirnie, Inc.
5 (Malcolm Pirnie) to perform a conceptual study of water |
~ treatment processes that can be used to remove these r
I constituents. The study has been divided into three phases;
,_ Phase I - Scoping study to select candidate processes
i

'- - Phase II - Laboratory and pilot evaluation of
candidate process trains

Phase III - Preliminary economic evaluation of most
successful candidate processes

' This report discusses the Phase I and Phase II findings.
During Phase I, eight candidate processes were identified and
screened for applicability to this Project. Candidate treat-
ment processes are described along with the reasoning used to

[ either eliminate or include the process for further considera-
tion. In addition, the testing program for the four processes

.;' considered in Phase II -is -described.
The VOC's found in the groundwater by others at con-

r ' centrations greater than 20 ug/1 include trichloroethylene
(TCE), 1,1 dichloroethylene (DCE) and 1,1,1 trichloroethane

• ' (TCA). Chromium was found in the ground water in the

L
hexavalent form (Cr ) .

The firm of Hargis and Montgomery (Hargis) has performed
a hydrogeologic investigation of the site and estimated the
initial concentrations of VOC's and chromium in a proposed
withdrawal well system. The concentrations were developed for
two flow scenarios, 2000 gpm and 5000 gpm,- and are presented
in Table 1 along with Hargis' range of estimated VOC levels.

MRNII



r

391
TKELE 1

TCE (ug/L)

DCE (ug/L)

TCA (ug/L)

Chromium (rog/L)

• ••••• «•*»*•* taMMM^* Wtl^*f MM

2000 gpm

900

110

7

0.05

**•* •̂ •H**^ •!••« MM Mil'* "ll-"!'! J*ir~J

5000 gpm

1000

140

9

0.07

& * "»l̂  V> ' JTfc ^-"t JILT

Ranoe

±20%

±100%

±500%

±0.03 mg/L

A range of target treatment levels was developed by the
U.S. Air Force (USAF) in conjunction with the Arizona Depart-
ment of Health Services CADES) and the U.S. Environmental
Protection Agency {USEPA). There is only one chromium target
level, 0.05 mg/L, which is a USEPA drinking water standard.
The target treatment levels are presented in Table 2.

TABLE 2

Target Treatment Levels

TCE DCE TCA Chromium
{ug/L) (vtg/L) (ug/L) (mg/L)

Lowest 5 0.033 ' 16.8 O.OS

Medium 50 10 50 0.05

Highest 270 40 168 0,05

MAUDOUVl _ ,
PTRNIE I'2
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II. PHASE I - TREATMENT ALTERNATIVES

A. VOC REMOVAL .
Aeration using either a diffused aeration system or a

packed tower, and adsorption using either activated carbon or
synthetic resin were evaluated to remove VOC's in a desk top
analysis. The initial VOC concentrations and the target
treatment levels presented in Section I served as the basis
for evaluating aeration and adsorption processes.

1) Aeration
a) Diffused Aeration. This technique has been

used to remove VOC's from groundwater by bubbling air into a
basin containing the contaminated groundwater. Removal

I efficiencies of 94 percent have been achieved in a diffused
air system with a 10 minute hydraulic contact time and an air:

T -water ratio of 30:1 (ft3/ft3). However, TCE removals with a
packed tower with random media and similar air:water ratios
have been significantly higher (99.7%). The air blower in a
diffused aeration system must be sized to overcome a relative-
ly large pressure drop (10 to 15 feet of water) while the
pressure drop in a packed tower is less than 8 inches of
water.

Based upon our experience on other projects, the
diffused aeration process was eliminated because this process
is less efficient and more costly than the packed column both
from a capital and an operating standpoint.

b) Plate Column with Catenary Grid. The principal
advantage of this system over towers packed with random.media
was reported to be the possible ability to accomplish similar
VOC removals in a shorter column height. Therefore, this
might have application where restrictions on column height'
were a consideration. However, based on our recent experience
on other- projects, the ability of the units to attain low
levels of VOC's in the tower effluent does not seem to be as

XX-1MRNII
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well documented and reproducible as with random packed sys-
tems. Since this project calls for studying the ability of a
system to reach very low levels of VOC,' it was decided that
this system has not been proven enough to offer any signif-r;

F icant advantages over a packed column system. Hence the |
r^sii-Anar-tf n-riA avc^wtn was TICS*- f?oneifieT"«>fl fof ffurtheT evalua—

r
r
r.

catenary grid system was not considered for further evalua-
tion.

c) Packed Column With Random Media. Based upon
our experience, air stripping utilizing a packed column design
is the most cost effective process to remove VOC's from water
to low levels. Two 25 foot high packed towers designed by
Malcolm Pimie at approximately the same air to water ratio
have achieved 99.7 percent removal of TCE. Diffused aeration,
while also effective, is not as efficient as packed tower
aeration. When compared to other VOC removal techniques,
packed tower air stripping systems are noted for higher
treatment efficiencies, ease of operation and relatively low
capital and operating costs. The packed tower was selected
for further evaluation.

2) Adsorption
Adsorption onto either activated carbon or a synthetic

resin has been used to remove VOC's and was recommended for
evaluation during Phase XI. Testing would be conducted in a
bench-scale continuous flow system called a mini- column.
Because of the small quantity of adsorbent, VOC breakthrough
is achieved normally in a matter of hours rather than weeks or
months as is the case with larger scale adsorption columns.
Effluent samples will be monitored for VOC's. These results
will be used to estimate carbon and resin usage rates. It is
noted that these bench scale tests do not establish the
optimum design of a full scale adsorption system rather̂ carbon
usage to achieve various target treatment levels. Larger
scale pilot testing is required to determine the optimimum
size and arrangement of the contactors. Typical adsorption -

»IRNI
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systems are designed at liquid loading rates of 3-6
gallons/minute-square foot and an empty bed contact time of
10-"20 "minutes. These criteria which are commonly used will be
used to develop a preliminary design and capital cost for a

|~ system. _ •
' • Carbon/resin regeneration was not evaluated in the bench
f~ scale tests. -If carbon adsorption is attractive, it was
'• assumed that carbon regeneration would be accomplished off-
(-• site. Additional regeneration studies would be required. The
i principal advantage of the synthetic resin is that

regeneration is accomplished in-situ using a hot inert gas.

B) HEXAVALENT CHROMIUM REMOVAL PROCESSES
Four processes were evaluated to remove hexavalent chro-

mium: reduction/precipitation, ion exchange, reverse osmosis
•

(RO), and adsorption using activated carbon. If in the full
scale system the chromium levels in the groundwater are found
to be consistently below the treatment objective, then alter-
nate chromium treatment strategies can be considered, e.g. by
passing the total flow or a fraction of the flow around the
treatment system.

1) Reduction/Precipitation
The reduction/precipitation process is the most commonly

used technique to remove hexavalent chromium from water and
wastewater. In this process hexavalent chromium is reduced to
trivalent chromium, which precipitates as chromium hydroxide
within a specific pH range. The precipitate is removed by a
solid-liquid separation process such as filtration. Filtra-
tion is expected to be the most suitable separation process
because of the relatively low chromium (0.1 mg/L) levels?
hence the quantity of the precipitate will be low. The need
to handle and dispose the precipitate are the principal
disadvantages of the reduction/precipitation process.

1RNI
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Hexavalent chromium can be reduced either by adding a

chemical reducing agent {such as ferrous sulfate or sodium
metabisulfite) or by an electrochemical process where a con-
sumable iron electrode in the presence of an electric current
yields ferrous ions that ultimately reduce hexavalent chro-
mium. A major disadvantage of the electrochemical reductionr

P process is the hydroxides form a gelatinous preciptitate I
' around the electrodes. A solution of hydrochloric acid must ]
r- be circulated through the system routinely to remove any
I gelatinous precipitate that is formed.

In addition, the control of ferrous ion dosage is more
difficult in an electrochemical reduction system than in a
chemical reduction system using ferrous ion dosage, and
control of sludge production is more difficult in an electro-
chemical system. Considering the need for cleaning and the
potential for higher sludge production rates, the electro-
chemical system was eliminated from further consideration.

To assess the efficacy of any system, the following
parameters would have to be evaluated*

o Type of reducing agent
o Optimum dosage
o Optimum operating pH
o Required reaction times

Both ferrous sulfate and sodium metabisulfite seemed to
be acceptable reducing agents. Polymer addition would also
have to be evaluated as it is believed that it will be
necessary to increase the particle size and enhance the
filterability of the precipitate. Studies would be conducted
to determine optimum chemical dosage required to achieve the
target treatment levels. Neither testing of the filtration or
solids handling processes would be performed during Phase, II
due to the limited quantity of water available for testing.

II-4
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2) Ion Exchange . .
Ion exchange is a process that has been used to remove

hexavalent chromium. Hexavalent chromium is generally present '
as either the dichromate or chromate anion. An anion exchange
resin is capable of removing these anions. Recent ion ex-
change tests conducted on groundwater in Scottsdale, Arizona

f~ indicate that.relatively long run times can be achieved before
' chromium breakthrough occurs. The required regenerant volumes
.— are reported to be low.
I A major disadvantage of ion exchange is that'the regene-

rant stream must be either treated to remove hexavalent
chromium via a reduction/precipitation process or handled
off-site by an approved contract disposal firm. Also, the
regenerant stream would have high salt levels that would
require that this stream be disposed of in the brine ponds.

Ion exchange was recommended for evaluation in a small
continuous bench scale column study. The resin would be
regenerated to determine whether or not chromium could be
removed from the resin. An advantage of the small bench scale
tests is that they do not require a great deal of time or a
large quantity of water.

3) Reverse Osmosis
Reverse Osmosis (RO) was considered as a means of remov-

ing both chromium and VOC's from the groundwater. RO is
reported to reject chromium, in excess of 95 percent while the
rejection of VOC's is expected to be in the range of only
85-90 percent.'

After review of the raw water quality data, it was deter-
mined that the permeate (treated water) recovery will, probably
be limited to 80 percent by volume? that is, 20 percent of the
influent flow to an RO system will be rejected as brine.
Silica or calcium sulfate solubility limits further concentra-
tion of the brine reject stream. This reject stream potenti-
ally represents a significant loss of water from the aquifer,

RNI
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400 gpm for a 2,000 gpm system or 1,000 gpm for a. 5,000 gpm
system. This water must be managed either by further
treatment for chromium and VOC removal or by disposal in
evaporation ponds, thus requiring additional facilities at a
significant capital expense.

Considering its relatively high capital and operating
costs, RO initially was thought to be a viable alternative
only if this process could achieve sufficient chromium and VOC
reduction in a single process. While chromium reduction is
sufficient, the VOC rejection is not sufficient to meet the
treatment objectives. Further treatment of the permeate for
VOC removal would be required. Opon consideration of these
factors, HO was eliminated from further consideration in Phase
II.

4} Adsorption
It has been reported by others that activated carbon has

been successfully used to remove hexavalent chromium from
water containing.organics. A possible explanation is that an
organometailic complex is formed which is adsorbable. Based

f upon the reported results, testing of adsorption processes to
remove hexavalent chromium will be conducted.

r "
i- - C. SUMMARY

In summary, the following processes were selected for
L,, further evaluation in Phase II:

o Aeration utilizing a packed column

t_ o Adsorption, with activated carbon or a suitable
synthetic resin to remove VOC's and hexavalent

• chromium

•""" o Reduction/Precipitation using ferrous sulfate or
, sodium metabisuifite.
•̂  o Ion Exchange

r
r
r
r
r
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A. PACKED COLUMN AERATION
As part of.this study, a pilot-scale testing program was

conducted at HAC Wells M-4 and M-ll to evaluate the packed
column aeration process. Analysis of the ground water for
TCE, DCE and TCA along with other parameters was completed;
the results are presented in Table 3. The results of the
packed tower tests were analyzed to develop design criteria
for a full-scale treatment facility. A description of the
pilot tests and an evaluation of the test results are
presented in this Section.

1) Description of Testing Equipment
The treatability tests were conducted using a pilot

aeration column, which was designed and fabricated by Malcolm
Pirnie. The pilot column consists of influent piping-and
valves, the column and packing-media, a blower and a support
structure. A schematic diagram of the pilot column is shown
in Figure. 1. Raw water was pumped from the well through the
water meter to the top of the column. This flow trickles down
through the packing media, and discharges by gravity flow.
Air is forced by two Rotron regenerative blowers through a
metering valve to the bottom of the column, counter current to
the water flow, and into the atmosphere. Sample taps are
provided on the influent line, at three locations along the
side of the column, and at the bottom of the column for
collecting raw and treated water samples.

The column is 12 inches in diameter and is constructed
of P.VC pipe in five sections for variation of packing depth
and ease of handling. The maximum packing depth is 9.7 feet,
and the overall column height is 12 feet. An orifice-type
liquid -distributor is used to distribute water at the top of
the column. Support plates have been placed between each
column section to provide intermediate support of the media

HI-1-
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TABLE 3

well Water Characterization

Trichloroethylene (ug/L) range

1,1 Dichloroethylene (ug/L) range

1,1,1 Trichloroethane (ug/L) range

TOG (mg/L)

Cr(+6) (mg/L)

Cr (Total) (mg/L)

TDS (mg/L)

Ca (mg/L)

Mg (mg/L)

S0~2 (mg/L)

.Alkalinity (mg/L as CaCO3)

pH

Temp (°F) Field

Well No. 11 •

1,637-2103

161-230

14-20

<1

0.008

<0.04

393

20

15.2

BO

150

7.2

77

Hell No. 4

1,494-1,913

501-601

22-29

NA

NA

<0.04

NA

NA

NA

NA

NA

NA

77

400

NA a Not Analyzed

PIRNIE HI-2
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and to redistribute water and air flow to reduce channeliza-
tion in the column. The column is designed to receive a
maximum hydraulic loading of 50 gallons per minute. Each
blower has a range of 0 to 160 cubic feet per minute.

The packing material used for the tests at wells M-4 and
M-ll was 2-inch Jaeger Tri-Packs. Several other types of
packing, material have been evaluated in previous tests. Based
upon our experience the Tri-Packs have been found to have the
same mass transfer characteristics as other packings that were
evaluated but at a lower pressure drop, and therefore, were
selected for testing at 'this site.

2} Description of Treatability Tests
The rate at which a volatile organic compound is removed

from water by aeration (or the mass transfer rate) depends on
several factors:

- hydraulic loading rate (or water flow rate)
- air flow rate
- air:water CAjW) ratio
- available surface area for mass transfer (function

of packing)
- water temperature
- physical and chemical properties of the compound

(Henry's Law Constant)

The latter three factors were constant and were not altered
during the tests. The factors which were varied during the•
pilot tests were the water flow rate, the air flow rate and
the a.:W ratio. The water and air flow rates were varied
during the pilot tests, to obtain several A:W ratios. VQC
removals at these various conditions were used to develop a
voc mass transfer relationship.

The pilot column was set up at each well and operated at
several AjW ratios. The water and air flow rates were
adjusted for each run to yield the desired AsW ratio? the
column was operated for about 15 minutes prior to sampling to
reach a steady state condition.

HI-3



r ' - - : '•:•••
402

r
r

For each run, influent and effluent samples were col-
lected, the air and liquid flow rates were maintained con-
stant, and the air and'water temperatures were recorded.
Samples were collected in properly prepared sample vials for
VOC analysis prepared in accordance with EPA protocol.
Analyses for VOCs were conducted at Malcolm Pirnie's
laboratory with a gas chromatograph utilizing method 5030
(purge and trap) with either a Halogen Specific Detector (HSD)
or a Flame lonization Detector (FID). Column influent and
effluent samples were collected during selected runs for
adsorption and ion exchange testing.

3) Results of Testing Program
r- The aeration test results show that high VOC removal
[ efficiencies were achieved in the pilot packed tower. The

test results are presented in Table 4 for TCE, DCE and TCA.
In general, the test results indicate the following:
1. High VOC removals were obtained from the water in

both wells via the a packed tower. Even with no
forced draft, about 50 percent removal of TCE, DCE, .
and TCA was achieved.

r
2. A mass transfer relationship was determined for each

VOC and is presented in Table 6.

' 3. Increasing the A:W ratio results in higher removal
t~ efficiencies.

{ These conclusions are expanded upon in the following sections.
Also, design criteria based on the results of the pilot tests

: are presented at the end of this chapter.

MAU3XMPIRNIE xn-4
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TABLE

PILOT AIR STRIPPING COLUMN RESULTS

Concentration as (ug/L)
r*

Kujjjjo.

1
2
3
4
5
6
7
a
9

10
11
12

H-j

1
2
3
4
5
6
7
8

Mater
Flonrata

(CPHL

20
36
15
32
19
24
20
21
40
17
30
28

36
15
32
19
24
28
21
40

Air
Flomrate
JCFH)

0
160
160
160
152
128
75

140
160
160
120
80

160
160
160
152
128
75

140
160

Rftlo
JFt /Ft J

33/1
BO/1
37/1
60/1
40/1
20/1
50/1
30/1
70/1
30/1
30/1

33/1
80/1
37/1
60/1
40/1
20/1
50/1
30/1

10
INF

1,877
1,30*
2,103

,637
.677
,9*2
,772
,881
,750
,927
,764
.909

1,913
,502
,611
,563
,605
,494
,441
,607

EFF

910
92
20
78
56
70
93
64

179
40
98
75

84
43
65
42
63
70
60
78

Percent
Removal

51.5
94.9
99.0
95.2
96.7
M fc

• ™

94.8
96.6
89.8
97.9
94.4
96.1

95.6
97.1
96.0.
97.3
96.1
95.3
95.8
95.1

1,1
INF

181
171
230
161
173
209
199
199
199
205
182
221

601
516
541
529
508
510
501
534

DC£
_^EFF^

84
3.3
1.9
4.5
3.4
3.9
5.3
3.6
5.3
2.5
5.2

<O.S

IB
7.8
17
12
16
16
IS
20

Percent
Removal

53.6
98.1
99.2
97.2
98.0
98.1
97.3
98.2
97.3
98.8
97.1

>99.8

97.0
98.5
96.9
97.7
96.9
96.9
97.0
96,3

1,1,
Jj»u

17
15
20
14
15
17
14
16
14
16
14
17

29
29
23
24
24-
23
22
24

1 TCA
EFF

7.5
<0.5
<0.5
<0.5
0.64
0.53
0.72
0.58
1.3
0.32
0.67

<0.5

.2

.7

.1

.0

.3

.1

.2
1.2

P«rcen
Reniova

55,9
>96.7
>97.5
>96.4
95.7
96.9
94.9
96.4
90.7
98.0
95.2

>97.1

95.9
94.1
95.2
95.8
94.6
95.2
94.5
95.0

I MOTE I lister Temperature 77eF
Packing height 9.69 Ft.
INF - Tower Influent
EFF - Timer Effluent

>**.
O
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Removal Efficiency - The data in Table 4 show that the

packed column aeration process is capable of achieving high
VOC removals. Consistently high VOC removals were achieved
(greater than 95 percent range) with only 9.7. feet of packing
media.

In dilute solutions, the principal factor that affects
the ability to strip a VOC from the liquid phase to the gas
phase is the Henry's Law Constant. A compound with a high
Henry's Law Constant is more easily stripped from water using
aeration than one with a lower constant. The Henry's Law
Constants of the various VOC's are presented in Table 5.

TABLE 5

Henry's Law Constants

VOC

DCE
TCE
TCA

(1) Values of H are given at the ambient groundwater
temperature of 77°F

One would expect from this table of 'Henry's Law constants
p that DCE should be the easiest to strip', while TCA should be
L the most difficult. The data for the most part bear this out.

For a given run, the removal efficiency of DCE is generally
higher than that of TCE and TCA which are roughly, comparable.

The packed column- tests show some VOC removals (50
percent TCE, DCE, TCA) are achieved even with no forced draft.
Therefore, under full-scale operation of the column, these
VOC removals may be expected even- if the column is operated
without the blowers on-line.

Mass Transfer Relationships - VOC mass transfer relation-
ships were developed for Well No. 4 and No. 11 test results.

,. . For each run, a mass transfer coefficient was calculated from
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the water flow rate, the A:W ratio, and the water temperature.
~ . A plot of the mass transfer coefficient (Kla) as a function ofs
I the liquid loading rate was developed for each VOC and plotted •

as shown on Figure 2 for well M-4 and on Figure 3 for M-ll. • J
r ' The mass transfer coefficients differ for each compound,

again in accordance with their Henry's Law Constants: DCE is
[""• greater than TCE and TCA. The mass transfer coefficients at
! well M-4 are generally lower than the mass transfer
r~, coefficients at well M-ll. Table 6 illustrates this point at

a liquid loading rate of 25 gpm/Ft .

! TABLE 6t_
^ Mass Transfer Coefficients (1/Hr) at 25 gpm/Ft2

\ Well M-4 Well M-ll

f~ DCS 80.0 88,7

TCE 72,7 77.6

TCA 64.3 73.0

r The »ass transfer relationships developed from testing at well
M-4 were used to size the full scale aeration systems.

f- A;W Ratio - In general, increasing the A: W ratio in-
creases VOC removal efficiencies. A relationship describing
the packing height as a function of the AiW ratio was

! developed for the most stringent target effuent levels for
TCE, DCE, and TCA. To meet the most stringent TCA target

( treatment level a packing height of only four feet (without
safety factor) would be required independent of the A:W ratio.

; The relationship between packing height and air to water
ratio for TCE, DCE, and TCA is shown in Figure 4. As shown in

p figure increasing the A:W ratio decreases the packing height
5- » required to achieve the specified removal efficiency. The
, results show that the packing height dependence upon the A:W

ratio is not that significant. An A:W ratio of 30:1 was

'IRNI
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selected a.s a basis for column sizing. At an A:W ratio of
]~' "30:1 all three packing height versus A:W ratio curves are

relatively fiat, away from the knee of the curve. It is •
p recommended in the sizing of full scale systems that- the

operating points be far from the knee of the curve so that
-- fluctuations in either the air or liquid flowrates do not
i adversely effect the system performance.
.— 4* Design Criteria Selection
I The performance of an air stripping system is a function

, of the 'column height and the A:W ratio. In order to determine
f—

! which compound controls the height of the stripping column, a
i

relationship was developed between effluent concentration and
r packing height for each compound. The influent levels used in

this development are the initial VOC levels plus the range
r~ as estimated by Hargis and Montgomery for the 5000 gpm with-
;- drawal rate. These estimated influent, concentrations are

presented in Section I of this report. An A:W ratio of 30 jl
was also used in this analysis.

Figure 5 illustrates the relationship between effluent
concentration and packing height for each VOC. The results
show that the packing height requirements are highest to
remove DCE to the target level of 0.033 ug/L. Approximately
24 feet of packing was calculated to meet that target effluent
level. However, it is noted that the detection limit for the
VOC's is generally on the order of 0.1 ug/L. Further the
standard deviation of any DCE value around 0 . 1 ug/L is approx-
imately 0.10 ug/L. The performance of the air stripping
column has been projected to meet the most stringent require-
ment of 0.033 ug/L using the mass transfer relationships
developed from pilot testing and assuming that suitable
analytical techniques were available at this low level.
However,, any effluent limitations (required for permitting

<*""" -•'""'" %̂'"-purposes) ̂-srould have to be set higher because of analytical
constraints .
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The required packing,height for the other target effluent
concentrations can be determined directly from Figure 5,

The recommended process design criteria to meet the DCE
concentrations are presented in Table 7. Based upon our
experience a liquid loading rate of 25 gpm/Ft is recommended
for preliminary sizing purposes. The maximum column diameter

I has been limited to 12 feet because columns with a diameter
larger than 12 feet require field fabrication rather than shop

j fabrication. Two columns operating in parallel are required
to treat flows of 5,000 ,gpm while only one column is required

r-1- to treat a flow of 2,000 gpm.
'•• . TABLE 7

i .

Air Stripping Design Criteria

DCS _ DCS

Flow Cgpm} 2,000 5,000
Mass Transfer Coefficient (Kla) 80 80
&:W Ratio (Ft /Ft } • 30:1 30:1
Air Plowrate CCFM) Total 8,000 3,000
Calculated Packing Height (Ft) without

Safety Factor 24.5 24.5
Coluan Surface Area Ft 80 200

It is noted that additional packing is always added to
the calculated height as a factor of safety. It is also noted
that a packed column will be have to be approximately 7 feet
higher than the specified packing height to allow for inlet
and outlet devices.

B. ADSORPTION PROCESSES
Mini-column tests were conducted to evaluate granular

activated carbon (G&C) and a molecular sieve resin. The tests
were conducted using water from well M-ll. Three types of
samples were tested: raw water, pilot aeration column
effluent, and pilot aeration column effluent aerated further
to reduce the level of VOC's prior to carbon testing. The

MAuooyvi
PIRNIE in-9
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purpose of the tests was to determine the effectiveness of GAG
or resin to remove VOC's and to develop carbon usage rates --to
meet the various treatment objectives. A description of the .
pilot tests and an evaluation of the test results are
presented in this Section.

1) Description of Testing Equipment
The treatability tests were conducted using a dynamic

mini-column adsorption system. The mini-column system,
which was designed and fabricated by Malcolm Pimie, consists
of a glass sample container , a chemical metering pump, and a
teflon and stainless steel mini-column (3,2 mm inside diameter
x 15 cm long) . A schematic diagram of the mini-column system
is presented in Figure 6 . The materials used in the
mini-column system which are in contact with the water samples
are either glass, teflon/ or stainless steel. These inert
materials are used to avoid sample contamination. Water is
pumped from the sample reservoir to a 1/4-inch diameter stain-
less steel tube which conveys the water to the mini-carbon
column. The mini-column influent line includes a 300 ml
cylinder to dampen flow pulsations and a pressure gage to
monitor system pressure. Following the pulsation dampener and
pressure gage, the water passes through the mini-column. The

;--- column holds 0.10 gram of ground GAC or resin which has been
heat treated to remove any adsorbed contaminants. The GAC was

L- ground to a 100 x 200 mesh? the resin was ground to a 70 x 100
mesh due to the inability' to pump through the smaller mesh

). size. Following compaction via vibration, the bed depth is
about 1 inch. The bed is held in place with 1/2 inch of glass
woo-1 packed into the bottom of the column. The mini-column
effluent is conveyed to a sample vial via teflon tubing. The •

j teflon effluent line discharges below the liquid surface in
the sample vial to minimze volatilization of the VOCs con-

i' " tained. in the mini-column effluent.

[

j
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L . ._ • .



\,

-i\l HEQPREHE
STOPPER

1/2" GALLON GLASS
SAMPLE RESERIOIR

i .. j i

7AMURE
HUPRO FILTER

SIAGELOK
SS FITTINGS

1/4" OB i 1/6" ID
1EF19R IUBING

"D

fl
300 ml STAINLESS
STEEL PULSAll ON
DAHPCHER CYLINDER

3/i" OB « 1/4" 10
316 CRUDE SIAIHIESS
S1EEL

SUGELOCH
SS FITTINGS

AUF CUNO CHEMICAL
METERING PUMP
350 ps! m. m\-

_O\ SKIS MODEL 13091-11

CARBON MIHI-30LUMM SYSTEM

PRESSURE GAGE
(0-200 PSI)

UIHI CARBOH COIUUH
1/4" 00 i 1/8" 10
STAINLESS SIEEL

TEFLOH DISPIHSIHG
LINE

EPA APPROVED
VUG HAL
(t& OR 40 oil)

CO

•n
ci

. c.
DOm



r
f;
r
r

r
i:

4.14
2) Description of Treatability Tests
The removal of a volatile organic compound by adsorption

depends on several factors including:
- Type of GAC or resin
- Temperature of the'water
- Chemistry of the compound

The latter two factors were constant and were not varied dur-
ing the tests on well M-ll samples. Carborundum GAC 30 and a
molecular sieve resin provided by Union Carbide were evaluated
in the mini-column tests.

Representative samples of raw water and pilot aeration
column effluent were obtained from well M-ll during the
aeration treatability tests and shipped to the Malcolm Pimie
laboratory. Mini-column tests using carbon and resin were
also conducted on the raw well water.

3) Results of Testing Program
Breakthrough Characteristics - The results of the mini-

column tests are presented in Table 8. It is noted that the
resin clearly did not perform as well as carbon on the raw
water -sample and on this basis was eliminated from further
testing and evaluation. i

Breakthrough curves for each VOC were developed from the i
data. The breakthrough curves were used to develop carbon fa
usage rates to reach various effluent concentrations. The

L - relationship between effluent concentration and carbon usage
•• is shown in Figure 7 for all three carbon runs,

i . Carbon Usage - The estimated carbon usage to reduce the
DCE concentration in raw water to 10 ug/L was approximately

1 2,150 pounds" per million gallons (Lb/MG) or 15,480 Lb/day to
treat a flow of 5,000 gpnu. ...For this ..carbon...usage- rate -an

{ on-site carbon regeneration-system would be required. Due to
"~r high carbon usage rates and high cost of carbon regeneration
I and contact equipmentr adsorption is not cost effective to
- ' treat raw water.

L
IRNIt in-ll
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TABLE' 8

A) Mini-column Carbon Study

Results

Effluent Volume
(ml)

Initial

1,1 DCS 1,1,1 TCA 32

-.

y;

L,...

c:
f.»
[
f" '

Run #1

Initial

291
1,023
1,9.17
2,997

Run #2

Initial
300

2,263
5,399

Run #3

Initial
2,670
11,722
13,410

193

3.6
85
169
173

9 Q* o

<0.5
4.1

10.4

• <o.i
<0.1
<0.1
<0.1

17

0.27
2.3
6.4
9.9

3.8

<0.5
<0.5
<0.5

<0.1

<0.1
<0.1
<0.1

2,170

0.84
22
116
476

101

1.8
10.4

23

3.2

<0.1
0.75
0,90

B) Mini-column Resin Study

Results

134 11 1,548

40
553

1,735

10
. 84
91

2.8
5.9

• 4.4

18
394
440

41G

1 -

NOTE:(1) Initial sample for run #3 was collected after run was completed
(2) Halogen specific detector used for run #1,2
(3) Flame ionization detector used for run #3,4

1RN11
111-12



r

417
IV. CHROMIUM REMOVAL

Bench scale.treatability studies were conducted using
water collected from well M-ll to evaluate reduction/precipit-
ation, ion exchange, and carbon/molecular sieve resin adsorp-
tion as means of removing chromium.

r-
A. REDUCTION/PRECIPITATION

f 1} Description of Treatability Tests
1 Raw water samples collected from well M-il were used in
,-. this study. An analysis of the water indicated that there was
t less than 0.04 mg/L total chromium and 0.008 mg/L hexavalent
, chromium (Cr* }. The difference in detection limit is due to
1 the nature of the analytical procedures used for each test.

Total chromium was analyzed via atomic adsorption with detec-
i +6, tion limit of Q.04 mg/L while Cr was measured via a color-

imetric technique with a detection limit of 0.005 mg/L.
Since low levels of chromium were found in the samples

from well M-ll the samples were spiked with potassium
dichrornate to increase the hexavalent chromium concentration
to 0.2 mg/L. Hargis estimates of the initial total chromium
concentration in the 5,000 gpm scenario are 0.07 ± 0.03 mg/L.

Jar tests were conducted on the spiked water. Ferrous
sulfate CFeSO,} and sodium metabisulfite (Na^S-O-) were the
reducing agents tested. The results of the jar tests are
presented in Table 9.

2) Results of Treatability Testa
FeSO4 was added in varying dosages (10-50 mg/L as FeSÔ }

at the ambient water pH of 7.2. Hexavalent chromium.-was
reduced from 0.2 mg/L to less than 0.01 mg/L within 3 minutes
at all FeSO. dosages. Caustic (NaOH) then was added to raise
the pH to 8 to form chromium and iron hydroxide precipitates;
the samples were mixed for another 5 minutes. The samples
were filtered to remove precipitates and were found to have
less than 0.04 mg/L total chromium.

t V

I

t



TABLE 9

Chromium Removal Studies
REDUCTION/PRECIPITATION

So£jQ-
'"'V ' REDUCTj

Reducing Dosage
Agent (mg/D

. —— - ————— — ————

FeSO. 10
4 30

50

FeSO 5
4 10

H<J
• FeSO 5

W 4 10

FeSO. 5
4 10

Na,S 0 52 2 5 1 0

20

Na2S2°5 £
20

Na_S 0 5

225 1 0

20

[ON STEP

Reaction
Time

(minutes)
_ — —— —— • —

3
3
3

3
3

3
3

3
3

2
2
2

10
10
10

20
20
20

, i '""

„ +6Cr
Remain
(rag/L)

...

<0.0i
<0.01
<0.01

MA
NA

NA
NA

NA
NA

0.16
0.15
0.10

0.16
0.15
0.10

0.16
0.14
0.09

__ — — - — -

TSS
Produced

(mg/L)
_ —— • —— •

2
5
7

NA
NA

MA
NA

NA
NA

<1
<1

. <1

<1
<1
<1

NA
NA
MA

______ PRECIPITATION STEP_ _____ . —

NaOH Reaction TSS Total
„« Time Produced Cr

g5 "" t£L> WU__WM

q 4 ' <0.04
16 8 c 14 <0.0426 Be 5 I4

 <Q>04

c 1 0.065 7.5 5 J
8 7.5 5 * .

c 2 °-04

H 8-° ! 5 <0.04
15 B.O 5 ^

K 2 °'04

25 a- 5 5 <0>04
30 8.5 5 «

initial C/6 concentration ta/U - 0-2 mg/L
Initial pH = 7.2
NA = Not Analyzed

00
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In subsequent- tests, lowering the FeSO. dosage to 5 mg/L

caused the effluent total chromium to rise to 0.04 mg/L at
pH's of 8.0 and 8,5, and 0.06 mg/L at pH=7.5. In addition, at
a dosage of 10 mg/L FeSO4 and a pH of 7.5 the effluent total
chromium was 0.04 mg/L.

Sodium metabisulfite was also tested as a reducing agent,
but was found to be not as effective as FeSO* at the ambient
pH of 7.2. Sodium metabisulfite is-generally more effective

j~ at a lower pH.
In summary reduction/precipitation using FeS04 was found

r to be an effective process for chromium removal. The recom-
.̂g .j.*

!. mended FeS04 dosage for reduction of Cr to Cr is 10 mg/L;
a pH of 8 is recommended for hydroxide precipitation.

3) Solids Handling
The amount of s'olids produced during the precipitation

process was measured. At the recommended FeSO, dosage
(10 mg/L) and pH (8), 5 mg/L TSS were produced. It is antici-
pated that these solids could be removed via multi-media
pressure filters. The filters would require periodic back-
washing; the backwash solids would be thickened, dewatered and
then sent to off-site disposal.

It is recommended that pilot reduction/precipitation
and filtration studies be conducted to: (a} generate
sufficient sludge quantities so that solids handling
alternatives can be evaluated and (b) evaluate both standard
and high rate filtration systems.

4) Design Criteria Selection
The design criteria developed from the bench scale

reduction/precipitation testing are summarized in Table 10.

r
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TABLE 10

j~ " Design Criteria
!_ Reduction/Precipitation

|" FeS04 Dosage (mg/L) 10 r
Reaction Time for Reduction (min) 5

' pH for Precipitation 8

i~ Reaction Time for Precipitation (min) 5

' ' TSS produced (mg/L) 5r
r
r
r

B. IOH EXCHANGE
1) Description of Treatability Testing
The treatability studies were conducted using a 25 ml

buret (3/8 inch inside diameter). A strong base Type 1 anion
exchange resin, Amberlite IRA-402 manufactured by Rohm and
Haas was used in the testing. A resin volume of 6 ml was used
which this resulted in a bed depth of 3.75 inches. The resin
was converted into the chloride form by passing sodium
chloride through the resin.

A positive displacement pump was used to continuously
feed sample to the buret at a nominal rate of 2 ml/min. This
feed rate resulted in an empty bed contact time of 3 minutes.
The column was operated in a downflow mode. Samples were
collected periodically and analyzed for hexavalent chromium.

2) Results of Testing Program
The results of the ion exchange treatability study are

summarized in Table 11. The sample from-well M-ll was again
4-6spiked with potassium dichromate to achieve an influent Cr

concentration of 0.20 mg/L. Cr"1" was removed to levels below
the target of 0.05 mg/L initially and remained below 0.05 mg/L
until approximately 2200 bed volumes of -flow had passed
through the resin, which was sooner than anticipated. The

PIRNIE IV~4



421.

r

L.

levels continued to increase until the end of the test when
the effluent Cr concentration dropped. It is not understood
why the effluent Cr* levels dropped near the end of the test.

The resin was regenerated using sodium chloride. Approx-
imately 50 percent of the influent chrome was recovered after
regenerating with what was thought to be a sufficient volume
of regenerant. Additional regenerant would "have been required
to remove more chromium from the resin.

3) Process Design Criteria
To apply the results of the treatability tests to the

design of a full scale ion exchange facility, the following •
process design criteria were established:

o Maximum water flowrate and loading rate
o Empty bed contact time
o Maximum influent and effluent concentrations
o Frequency of resin regeneration

These design criteria were then utilized to determine the
number of contactors, contactor dimensions, and the quantity
of resin required.

The following is a preliminary design of an ion exchange
system for treating 2,000 gpm of groundwater containing
0.2 mg/L hexavalent chromium to meet,the treatment objective
of 0.05 mg/L total chromium. The number of contactors and
contactor dimensions was based upon a loading rate of
4.3 gpm/Ft and an EBCT of 10 minutes. These design criteria
are summarized in Table 12.

iv-5
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DATE

8/11

8/12

8/15

8/16

TABLE 11

Chromium Removal Studies
Ion Exchange

EFFLUENT
VOLUME
(ml)

initial

2,050
5,008

10,498
10,846
11,186
11,261
11,575
12,870

12,985
13,183
13,401
13,539
14,684
14,756

FEED
RATE

+6Cr
mg/L

.20

1.97

1.81
1.76

1.67
2.10
1.75
1.79

<0.005
<0.005

0.016
0.017
0.021
0.026
0.026
0.055

0.11
0.11
0.11
0.12
0.06
0.09

L..

L

u
Resin: Hohm & Haas ISA - 402
Column: 3/8" Diameter Buret
Resin volume - 6 ml

Strong Base anionie form

L
1RNII
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TRBLE 12

Design Criteria
Ion Exchange

Ho, Contactors:

Hydraulic Capacity:

Contactor Oiaaeter:

Contactor Height:

Depth of Resin:

Resin per Contactor:

Resin Regeneration Frequency:

500 gpns per contactor

'11.5 feet

12 feet

6.75 feet

675 Ft3

Twice a month

An order of magnitude estimate of this ion exchange
system is about $2,000,000. A major portion of this cost is
the resin itself, valued at approximately $600,000. The cost
does not include the additional cost of facilities to treat
the spent regenerant for chromium removal. The cost for the
ion exchange system and the facilities to treat the regenerate
wastes will be significantly higher than the cost of a
reduction/precipitation alternative. It is noted to that a
smaller ion exchange system could be provided which would
require more frequent resin regeneration; but at a. lower
capital cost.

In summary/ ion exchange did achieve the treatment ob-
jective of 0.05 mg/L. More extensive pilot testing would be
required to determine if a full scale system could be
developed for this particular application. However, the cost
of the ion exchange system, and regenerant treatment system
along with the uncertainty of the resin's ability to be
regenerated and render ion exchange unattractive for chromium
removal.

1

17-7

L-



r

r
r

r
r

424
r

C. ADSORPTION
A raw water sample from well M-ll was spiked with 0.2

j mg/L of hexavalent chromium. During the dynamic mini-column •
testing of .GAC and the molecular sieve resin, samples were
taken and analyzed for hexavalent chromium. The results of
these tests are presented in.Table 13.

TABLE 13

Chromium Removal Via Adsorption

Cr* Concentration (mg/L)
Effluent Volume (ml)

Initial

40

112

331

505

' 1063

Molecular Sieve Resin

[ Hexavalent chromium immediately broke through beyond the
0.05 mg/L target level during testing of both the GAC and

' " molecular sieve resin. Some chromium removal was achieved
with GAC. As expected, none was achieved with the resin. It
was concluded from these results that adsorption of chromium

•- onto either GAC or the molecular sieve resin is not an
effective treatment process for removing chromium.
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V. CONCEPTUAL DESIGN OF RECOMMENDED SYSTEM

As discussed in Section III, an aeration process using a
packed column is recommended to reduce the VOC levels down to
the various target levels. A chemical reduction/precipitation
process is recommended to remove hexavalent chromium while a
multi-media filtration process is recommended to remove the
chromium precipitate. The filter backwash which contains the
chromium precipitate would be transferred to an equalization
tank and then to a sedimentation process to remove the preeip-

P itate from backwash waste. The iron and chromium precipitates
1 that settle out in the clarifier would be transferred to a

storage tank and then pumped to a sludge, dewatering process
i such as a recessed plate pressure filter or two twin wire

r
r
r

r

i

multi-roll compression belt filter. After dewatering the
solids would be hauled offsite for disposal. Based upon a
recommendation by Hargis and Montgomery to remove all
particles greater than 0.5 microns prior to recharge, a
cartridge filter system is recommended following the dual
media filtration system.
A. PRELIMINARY SIZING OF PACKED TOWERS

As discussed in Section I, a range of target treatment
levels were developed by OSAF in conjunction with the ADES and
OSEPA. One of the principal objectives of this study is to
describe treatment alternatives that would meet the target
treatment levels. As shown in Figure 5, the effluent VOC
level remaining in the packed column effluent is controlled
primarily by the packing height. In sizing a packed tower
additional packing is added to the calculated packing height
to account for variations in the VOC levels in the influent to
the column, for variations in the liquid loading to the tower
and as a factor of safety for the mass transfer relationship.

The calculated packing height .for each target treatment
level was obtained from Figure 5. The recommended packing

1
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height was determined as follows: Four feet of packing was
added to the calculated packing height to allow for variations
in the influent VOC concentration and variations in the liquid
loading. The packing height was further increased by 25
percent as a factor of safety. The overall tower height is
approximately seven feet higher than the packing height to
provide space for the air and liquid inlet and outlet devices.
As indicated previously the tower was sized at a hydraulic
loading of 25 gpm/ft2 with a maximum column diameter equal to
12 feet. 25 feet was used as the practical maximum height for
a packed tower. Columns were sized for flow conditions of
2,000 gpm and 5,000 gpm. Capital cost estimate was prepared
for the various packed column alternatives. Both the sizing
and cost estimates are presented in Table 14. It is noted
that the cost estimate does not include the cost for any of
the other facilities such as withdrawal and recharge wells,
distribution piping, chromium removal or solids handling
systems. However, provisions were made for an installed spare
packed tower. The purpose of. -Table 14 is to illustrate the •
sizing and relative cost sensitivity to meet the various
target levels. The cost to achieve the lowest VOC levels is
high because of the requirement for a two stage column system
and added cost for an intermediate pumping station and an
additional blower, piping, foundations, electrical work and
instrumentation.

B. CONCEPTUAL DESIGN CRITERIA
Process flow diagrams of the treatment system recommended

to treat flows of 2,000 gpm and 5,000 gpm and reduce the DCE

IRNI
„ ,v'2



427

TABLE 14

Capital Cost Estimate 'for Packed Tower Process

f
r
I,
r

Matrix:

Flow

5,000 gpro

2,000 gpn

L
I
L
L
i

L'

Compound

TCE

DCE

• TCA

TCE

DCE

TCA

Target
Level
Cug/D

5
50
270

Q.033
10
40

16.8
50'
168

5
50
270

0.033
10
40

16.8
'SO
168

Number
of 2

Trains

3
3
3

3
3
3

3
-

"

2 .
2
2

2
2
2

2 .
—
-

Columns
Per Train

2
1
1

2
1
1

1
—

2
1
1

2
1
1

1
~
—

Overall
Height Capital Cost
CFt)

20
24
17

25
23
19

17
—

20
24
17

25
23

. 19

17
«*

**

(5)

876,000
378,000
319,000

960,000
370,000
336,000

319,200
~

599,000
260,000
221,000

655,000
254,000
232,000

221,000

1. Costs are for the packed tower process alone.

2. Includes 1 spare.

IRNII V-3
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level to 0.033 ug/1 are presented in Figure 8 and Figure 9.
N

^ The unit sizing criteria that were used to prepare the flow
[' sheets are summaried as follows:

1). Packed Column(s) . ft

L o Liquid Loading - 25 gpm/ft:

r-_ ' o Packing Height (calculated) - 24 feet
o Packing Height recommended - 36 feet

3t higl

o A/W ratio - 30/1 (ft3/ft3)
o Pressure Drop - approximately 5 inches

water

o Provide two - 25 foot high columns

r:
| o Provide installed spare packed towers

2} Reduction/Precipitationr. o Ferrous sulfate dosage - 10 mg/1

o Reaction time for reduction - 5 minutes

o Reaction time for precipitation - 5
r minutes

o Provide spare reaction tank with mixer
o Sodium hydroxide dosage to raise pE to 8.0

v" =15 mg/1
I o Suspended solids produced = 5 mg/1

3} Dual-Media Filtration
\ ' ' • 2(_^ o Hydraulic loading = 4 gpm/ft

Provide one space filter
} o Polymer dosage - 3 mg/1

o Use filtered effluent for backwash

^ o Backwash frequency - assume once/day
o Backwash volume - 15 gpm/ft for 15 min.

MAUDCXMP1RNIE v-4
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4} Cartridge Filtration
F o Provide vessel with disposable filter

cartridge to remove particles greater than
0.5 microns.

o Provide spare vessel and cartridgesrI 5) Solids Handling
•— o Backwash storage tank to contain 125% of
j the daily backwash flow

o Hydraulic loading - 400 gpd/ft

' o Provide spare clarifier

P o Polymer dosage - 5 mg/1

o Sludge storage tank
r~
[ o Recessed Plate pressure filter

o Assume cake solid concentration = 30%

o Assume cake bulk density « 68 Ib/ft

I

o Assume two filtration cycles/week

V-5
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'IMAGESVI. CAPITAL AND OPERATING COST EST! i

A water treatment system was-developed during the screening
and pilot testing phases to remove volatile organic compounds
(VOC's) and chromium from the groundwater ali the Hughes
Aircraft -Company facility in Tucson, Arizona. This section of
the report describes the proposed system and presents esti-
mates of the capital cost and the operation and maintenance
costs.

A. SYSTEM DESCRIPTION
The water treatment process that was developed in the

second phase of this study included a packed tower air strip-
ping system to remove VOC's followed by a reduction/precipi-
tation process to remove chromium and final cartridge filtra-
tion. A system to remove the solids generated by the reduc-
tion/precipitation process was also selected. This solids
handling system includes clarification and dewatering facil-
ities (via a recessed plate filter press) to reduce the volume
.of sludge requiring ultimate disposal.

Additional facilities which may be required are described
in the following section. Further study is recommended to
confirm the need for these additional facilities. The capital
cost and the operation and maintenance cost for these facili-
ties were for the most part included in this estimate.

*

A' vapor carbon adsorption system may be required to
reduce the VOC emission rate into the atmosphere. The system
has been sized to remove VOC's from the discharge of the first
stage packed towers which emit the largest quantity of VOC's,
Due to. relatively low VOC concentration in the tower discharge
to the atmosphere (10 ppm by volume) , the carbon system is'
expected to remove only 50 to 80 percent of the applied VOC's.
Further study is recommended prior to final design to develop
conceptual design criteria and performance estimates.

MAIXXXMP1RN1E VI-1
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For purposes of the cost estimate a cleaning system has

been provided to remove inorganic scale such as calcium
carbonate from the media in the packed tower. Dilute mineral
acid will be recirculated through the towers to dissolve
scale. The acid solution will be collected and recirculated
from a separate sump. Provisions to clean the media with s
solution of chlorine and water has also been provided. The
purpose of this step is to remove biological growth that might
attach to media.

Final treatment including pH adjustment and chloriaation
prior to injection has been provided. Final effluent chlori-
nation should prevent biological growth in the water distri-
bution system while final pH adjustment has been provided to
prevent solids precipitation and potential fouling of the
recharge well. Further study is recommended to determine the
need for final pE control prior to recharge.

Ultrafiltration has been considered as an alternative to
the proposed process of pressure filtration followed by
cartridge filtration. Ultrafiltration was evaluated in case
the particle size of the solids in the flow to the injection
wells needed to be less than one micron which is the expected
particle size in the pressure and cartridge filtration scheme.
It is noted that pressure filtration followed by two stage
cartridge filtration might be an alternative to ultrafiltra-
tion.

B. ESTIMATING PROCEDURE
A detailed cost estimate was developed for the collec-

tion, conveyance, treatment, distribution and injection
facilities for a flow of 5000 gpm. The height of the packed
tower(s) was varied to meet the various target treatment
objectives. The cost to meet the various target treatment
levels was determined by adding the cost of the packed tower

MALCCXMmm VI-2
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systems (required to meet the target treatment levels) to the
cost of 'all of the facilities. It is noted that the cost of
the remaining treatment and conveyance facilities is a
function of the flowrate and the number and location of the
reclamation and injection wells and not on the VOC levels.

Also it is noted that the target chromium level may be
achievable by blending. Some cost savings could be realized •
if chromium treatment is not required.

The cost estimate for the 2000 gpm system was developed
by factoring the 5000 gpm estimate down to reflect a reduction
in the size of the collection, treatment, and injection
facilities.

The capital cost estimate was developed starting with
preliminary layouts of required wells, treatment and convey-
ance facilities. Mechanical costs were developed for the most
part from budget vendor quotations. Piping costs were devel-
oped from quantity take of is of pipes, valves and other
fittings. The electrical and instrumentation estimate was
also developed from quantity take'offs of required equipment.

1) Reclamation and Recharge Piping
A preliminary layout of'the reclamation and recharge well

system is presented in Figures 10A, B and C. The number and
siting of the reclamation and injection wells was developed by
Hargis and Montgomery (Hargis). A schematic of a typical
reclamation and recharge well is shown in Figure 11 and Figure
12. The piping layout represents a cost effective method of
conveying water to and from the water reclamation plant.

2) Treatment Plant Piping and Equipment
The cost of in plant piping was developed from a prelim-

inary piping layout. A site plan of the water treatment
facility that also shows a motor list is presented in Figure
13. A process flow schematic of the water treatment system

MAICOLM
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equipment is presented as Figure 14. Installed spares have
been provided for all mechanical equipment and most of the
tankage.

The proposed system includes a chlorination "system to
provide the capability of adding chlorine to the treatment
plant influent and effluent.

The air stripping system consists of three parallel
trains of two packed towers with an intermediate sump used to
repump the water to the second stage packed towers. Each
train is sized to handle 2500 gpm of reclaimed water. One
train has been provided as a standby. A media acid wash
system which include a separate sump, pumps and piping has
also been provided should the packed media ever require
cleaning.

The packed tower effluent flows into a chemical, reaction
tank where ferrous sulfate is added to reduce hexavalent
chromium to the trivalent form. The pH of the stream is then
raised with sodium hydroxide to about 8 to precipitate
chromium and ferric hydroxides. Mechanical agitators are
provided in each reaction tank to promote adequate contact of
the chemicals with water. Ferrous sulfate and sodium hydroxide
storage and feeding facilities have been provided. Ferrous
sulfate will be delivered as a bulk solid; the feed solution
would be made up upon delivery and stored as a liquid. Sodium
hydroxide will be purchased and stored as a 50 percent aqueous
solution. Spare reaction tanks with mixers have also been
provided.

A transfer pump pumps the water through a static mixer
where polymer is added as a coagulant and to enhance the
removals of precipitated metal hydroxides prior to pressure
filtration. A complete polymer make op and storage system has
been provided.

Four horizontal pressure filters have been provided, each
sized to handle approximately 1700 gp». One spare filter pump

MALCOL
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is provided. Each filter is divided into four separate com-
partments to allow backwashing of each compartment, with the
effluent from the other three eompartfflents. This feature
eliminates the need for a separate tank to store water used
for backwashing. •

Effluent from the backwashing step is collected and
stored prior to pumping to a clarifier for solid/liquid-
separation. Polymer is added in line to aid in coagulation.
A second polymer make up and storage facility has been provided.
Sludge from the bottom of the clarifier is transferred to a
sludge storage tank prior to dewatering on a recessed plate
filter press. Dewatered sludge will be collected in a
dumpster or dump truck and periodically hauled away. Clari-
fier supernatant and filter press filtrate will be
recirculated back to the reduction/precipitation system.

Cartridge filtration using disposable cartridges has been
provided after filtration to reduce the particle size of any
solids that may be in the treated water to one micron. A
clearwell has been provided after cartridge filtration to
provide some storage of the treated water should the capacity
of the injection wells be temporarily exceeded.

Final treatment facilities to adjust the pH of the
treated water and to add chlorine have been provided.

Analytical equipment to allow for Hughes to analyze
samples for VQC's and chromium in the effluent has been
provided.

3) ultrafiltration Alternate
An ultrafiltration (UF) system has been considered

as an alternate to pressure and cartridge filtration for
solids removal. A staged system would be required to achieve
a recovery of about 98 percent. A reject stream of 2 percent,
or 100 gpm would be sent to the solids handling system already
provided.

MA1OXM VI-5
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Due to the high flowrates required through the system,
internal recircuiation and storage would be required. Because
of recirculation, the pumping requirements of a 5000 gpm OF
system would actually be 16,000 gpm. At the required pressure
drop of 20 psi through the UF system, the power requirement
would be approximately 250 hp. This is significantly higher
than the SO hp power requirement of the pressure/cartridge
filtration system.

The cost for a 5000 gpm UF system which includes the
pumps, membrane, modules, internal storage and membrane
washing system would be about _ _ ..__, . Since the capital
and operation and maintenance costs for an ultra filtration
system is considerably higher than the costs for pressure and
cartridge filtration, the pressure and cartride filtration
alternative is recommended and is included in the cost
estimate.

4} Electrical System Description
The proposed work includes the following: Two 5000 KVA

oil transformers with secondary switch gear will be added onto
the existing main outdoor substation. A total of 6 feeders at
4160 volts will run underground from the main outdoor substa-
tion to the various loads. The loads will include a new unit
substation rated 112.5 KVA at each reclamation well (17
total) , a new double ended 1500 KVA substation at the new
treatment plant and the existing treatment plant substation.
Each of these substations will be supplied from two separate

f feeders. The two 5000 KVA transformers and dual feeder
^~ arrangement will essentially provide a loop type distribution
.( ; system. This would provide load transfer capability that
'_ might ̂ result from feeder breakdown. This also insures power

availability for additional wells that might be required.
_ The unit substations at the reclamation wells will have

interlocked primary switches, transformer section and 480 volt
secondary distribution panel. Each substation will include a

f VI-6



r
444

variable frequency controller for the reclamation well pump
water. Low voltage power will run from the distribution
panels to the closest recharge wells. All reclamation and
recharge wells will be interconnected for signal transmission.
Lighting and security using intrusion detection and equipment
tamper devices at each well.

The new electrical units at the treatment plant will"
include the substation described above, 480 volt motor control
centers, variable frequency controllers, and all transformers,
panels, switches, and interconnecting conduit and cable
required for a complete installation. Lighting, grounding,
security and communication system is also included.

1
•

5) Instrumentation

r

An instrumentation and control system proposed by the
Alien-Bradley Company is included in the appendix. The
proposed system is a computer control system designed to be a
distributed process control system. The base system consists
of four PLC-3 programmable controllers with remote I/O for
monitoring and control of reclamation and injection wells and
fifth PLC-3 for the treatment plant. The control system has
been designed based on the use of variable speed drives
(VFD)to run the pumps at the wells and the treatment plant.
VFD's have been utilized based upon the energy and cost
savings as illustrated in Figures IS and 16.

The system provides for measurement and remote display of
pressure, flow, and temperature in all process water lines
within the plant as well as in the conveyance and distribution
systems. Flow will be controlled remotely. The pH in the
reduction/precipitation system and in the final effluent will
be monitored and controlled remotely. The water level in each
reclamation and injection well will also be monitored
remotely. Typical CRT displays attainable are depicted in
figures 17 through 22.

MALCOLMmm VX-7
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ALLEN-BRADLEY DRIVES DIVISION

HUGHES

ENGINEERING

AIRCRAFT

Energy Savings Application

Pump using Variable Speed

DATA

for

vs.

50HP Centrifugal

Throttling

APPLICATION

Centrifugal Pump

INDUSTRY:

f~

I

SYSTEM DATA

PUMP: 50HP centrifugal pump described by curves in figures 1-3.

MOTOR: 5QHP, 1750 RPM, TEFC enclosure, 95% efficiency at full load
and speed.

DRIVE: 5QKVA, Bulletin 1350 adjustable frequency AC drive

97% efficient at full load and speed

90% efficient at % load and speed

VALVE: Effect on system shown by curves in figure 2.

AVERAGE SYSTEM OPERATING POINT: 55% flow « 300 GPM

BHP COMPARISON BETWEEN VARIABLE SPEED AND THROTTLING

THROTTLING
HEAD (FT.)FLOW (GPM) HEAD (FT.) BHP* ______

550 250 35 250

300 277 21 90

*BHP » (Flow x Head)/39SO (for water)

VARIABLE SPEED
HEAD {FT.) BHP*

35

7

CALCULATION OF ANNUAL POWER USAGE

KM HR Usage =• BHP x x .746KW/HP x hours of operation
Sff. Motor & Control

THROTTLING VALVE METHOD;

KWH = 21 HP x 1 x .746 KW/HP x 8760 HRS

8760 HRS - YEAR ROUND 24 HHS./DAY

« 144457 KWH

VFD USE JUSTIFICATION
ENERGY SAVING

50 HP

FIGURE IS
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r

AC DRIVE METHOD;

7HP x 1 x .746 KW/HP x 8760 HRS
.95

« 48152 KWH

Energy Saving » (144457KWH - 48152KWH)

= 96305KWH x .055C/KWH
" $5,297 savings per year

NOTE: The heads used in this example were calculated from the
reclamation system, actual heads may vary in the installed
system changing the .energy savings figure.

L

u.



ALLEN-BRADLEY 447
AT.T.KN-BRADLEY DRIVES DIVISION

ENGINEERING DATA

HUGHES AIRCRAFT

Energy Savings Application

Pump using Variable Speed

for 25HP Centrifugal

vs . Throttling

APPLICATION

Centrifugal Pump

INDUSTRY

L

l_

SYSTEM DATA

PUMP: 25HP centrifugal pump

MOTOR; 25HP, 17,50 RPM, TEFC enclosure, 95% efficiency at full load
and speed.

DRIVE: 25KVA, Bulletin 1334 adjustable frequency AC drive

97% efficient at full load and speed

90% efficient at % load and speed

VALVE: Effect on system shown by curves in figure 2.

AVERAGE SYSTEM OPERATING POINT: 60% flow = 1200 GPM
(typical for pump systems)

BHP COMPARISON BETWEEN VARIABLE SPEED AND THROTTLING

THROTTLING
HEAD (FT.)FLOW (GPM) HEAD (FT.) BHP* ______

2000 50 25 50

1200 66 20 18

. *BHP « (flow x Head)/3960 (for water)

VARIABLE SPEED
HEAD (FT.) BHP*

25

6

CALCULATION OF ANNUAL POWER USAGE

KW HR Usage *» BHP x x .746KW/HP x hours of operation
Eff. Motor Control

THROTTLING VALVE METHOD:

KW = 20 HP X 1 X .746 KW/HP x 8760 HRS
.95

8760 HRS » YEAR ROUND 24 HRS./DAY

.» 137578 KWH

VFQ USE JUSTIFICATION
ENERGY SAVING

25 HP
FIGURE 18
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AC DRIVE METHOD;

6HP x 1 x .746 KW/HP x 8760 HRS
r. .95

« 41273 KWH

I

1 Energy Savings =«
137578 =» 41273 KWH

« 96305 KWH x .0554/KWH
f- = $5,296 Savings per year
J . .:
%. - - -

.— NOTE: This example is an estimate only as the actual heads and
1 GPM rates were not know for the process plant.

r
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COLORGRAPH VIDEO DISPLAY

TOUCH ZOOM IN CAPABILITY

TWO OF FOUR SECTIONS

FIGURE 19



COLORGRAPH VIDEO DISPLAY

TOUCH ZOOM IN CAPABILITY

THREE OF FOUR SECTIONS
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COLORGRAPH VIDEO DISPLAY

TOUCH ZOOM IN CAPABILITY

FOUR OF FOUR SECTIONS

FIGURE 21
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C.
C

6) Site-Work & Structural
The site work and structural estimate includes the

cost to provide equipment pads, in ground tankage, a building,
and fencing at the treatment plant site. The estimate also

*

includes site work at each well location, as well as a provi-«••• ~ •

sion'for unimproved roadways.

C. COST SUMMftgyV

The estimated project cost for the 5000 gpm water
reclaimation system is This estimate includes_an
allowance for the first year cost -for operating and
maintenance, consulting and -contract analytical services. A
breakdown of this cost estimate is presented in Table 15.
Backup for the construction cost estimate is appended.

A matrix was developed to compare the project cost as a
function of target effluent concentration. The matrix is
presented in Table 16. The results show that the cost to
achieve the lowest target effluent levels is not significantly
different than- the cost to achieve high effluent levels.

1RNIE vi-a
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TABLE 15

COST ESTIMATE - sooo CTM SYSTEM

Reclamation Wells, Piping, Valves
and Fittings

Reclamation Well Puasps

Recharge Wells, Piping, Valves
and Fittings

Water Treatment Plant Piping, Valves
and Fittings

Civil/Architectural, Sitework, Structural
and Roadways

Electrical and Lighting, Power and Distribution

Treatment Plant Process and Analytical Equipment

Instrumentation and Controls

Construction Cost

First year Operation and Maintenance

First Year Analytical and Hydrogeological
Consulting Services

AfiE Services

Hughes Engineering Support

Total Project Cost

MAU301MPIRN1E



. TABLE 16

Target
Objective
(ucr/1)

TCE

5

50

270

DCS

0.033

10

40

TCR

16.8

COST MATRIX
5000 gpm

Resultant Total Project
Effluent (ug/1) Cost ($)

DCS

0.6

8

70

TCE

0.5

80

250

TCE

400

TCA

0.4

4

11

TCA

.04

6

10

DCE

75

IRNII VI-10
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Reclamation and Recharge Wells

461

r Item

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33v
34.
35.
36.
37.
38.

,39.
40.
41.'
42.
43.
44.
45.

Material

3' x 3' x 3' Handhole
Excavation & Backfill
Gravel Soap
6* x 8' x 6* Manhole
Excavation & Backfill
Gravel Svrmp
Patch
Trench & Backfill 24"W x 36"D
Trench s Backfill 18"W x 36"B
Roadway cat (concrete)
Roadway Cat (asphalt)
Railway Cut (tracks)
Parking lot cut (asphalt)
Headway repair (concrete)
Roadway repair (asphalt)
SUE. cut repair
Bobble remove
Public area safeguards
Grade & Level
Above grade splice box
on manhole

S'-6" x 8'-6" x 7* manhole
Excavate S Backfill
Gravel soap
Patch
Above grade splice box
Reclamation wells
Rechange wells
2* x 3' 3' handhole
Excavate
Sump
4" PVC conduit
2" PVC conduit
4" End bells
2" End bells
4" Adapters
2" Adapters
Pull line in empty conduit
4" Caps or plugs
4" Spacer
2" Spacer
Tie downs (pairs s cross)
500 MCH 5KV shielded cable
4/0 XHHW cable
1/0 XEHW cable
#2 £HHW cable

Quantity

31
31
31
37
37
37
37

30,450*
22,800'

150'
360'

30«
900'
300*

1,800'
30'
10

lot
38
6

1
1
1
1
5

17
21
38 '
38
36

74,600*
89,400

208
214
208
214

10, 000 «
32

14,920
17,880
10,650

199,100'
68,000'

101,550'
67,700'

Labor
Hours
•̂•••••MMM*

62
124

62
74

296
111
148

Include

30
54

7
20
40
38
24

2
8
3
4
5

17
21
76
76
38

7,460
4,470

124
47

124
47
30
19

746
894
532

5,973
1,700
1,827

974

Materials

Estimate

'1RNII
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Item Material Quantity

Materials

rr 46. Twin axial cable
47. Twin axial termination
48. 5KV triple splice
49. 5KV Single splice
50. 4 PR. .#18 SH. cable Belden

9388
51. PVC solvent.
52. 5 KV terminations
53. 4 PR. #18 SE terminations
54. 4 PR. #18 SH splice
55. 5 KV cable rack
56. Onistrut clamp support
57. 150 Watt H.P.S. lamp
58. 150 Watt H.P.S. mayfair

59,500'
66
36
30

AB Proposal AB Proposal
AB Proposal AB Proposal

72
45

59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

81.
82.
83.
.84.
85.

4" x 4" x 14' poles
Pole bases
Photo cell
Auger for chem rod
Chem ground rod
4/0 Bare Cu wire
Cadweld connections
Brooks boxes #1-KT
Salt mix
Sub stations
112% KVA trnasf. 4160/277/480
Oil SW
Interlocks
Dist. 125 Amp. main bkr.
5-20A 3 Pole branches
5-20A 1 Pole branches
6 KVA transformer
480 V low fusing disc.
Enclosure & panel
W.P. Duplex outlet - FSD 3/4"
Crouse hinds OS 222
Variable Freq. Drive Alien
Bradley 1350 W/PC.

Set anchor
Ifc reducer
Ifc elbow
Ericksons s misc. mat.
#4 THEN wire

59,000' AB Proposal AB Proposal
160 QTS 8
222 333
78 AB Proposal AB Proposal
66 AB Proposal AS Proposal
888 38
148 74
38 9

38
38
38
38
68
68

1,200'
102
66
68

• 17
17
17
17
17

38
38
38
38
38

17
17
340
85
68

1,100'

114
114
76
9.

136
136
28
153
68
136
136
272
136
68
238

380

19
19.

170
102
20
38
680
13

MAUQOLMPIRNIE
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Item Material

86. IS THEN wire
87. low voltage panel terminations
88. Flow valve connection
89. Motion sensores (set of B)
90. Bases
91. Motor heat sensor
92. Strut mount set up
93. Cone base
94. l*j" Seducers
95. !h" Elbows
96. lh* Locknuts s bushings
97. IV Ericksons
98. #1 THEN wire
99. #8 THHH wire
100. 1%" Sealtite
101. 1%" 90" - Sealtite connectors
102. 1 2/4* Myers hubs w/ground

280'
38
48
32
128
17
38
38
170
SI
34
34
800'
200'
68
68
34

Labor
Hours

2
152
48
768
128
34
142
114
10
28
IS
20
12
1
10
17
20

Materials
C$)

MAUDOLMWRNIE
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r.

B. Water Trealnent Plant

Item Matacial

1. 2-1500
2. 2 Oil SWS JSOA
3. Kirk keys «t up
4. Ground fasdfc.
5. Dist. (5-8m; 6-400)
6. Tie breaker
7_ 2=1800 Mffmain breakers
8. 480 Dist. iKJO AMP main bkr.
9. 1-400? -2-2SD; 4-100

10. 4-60
11. 300 KVA Tansf . 480/120/208
12. 120/208 Dait. 600 AMP main bkr.
13. 2-4QO; 2-310
14. 277/480 pa»l 42 CRT.
15. 120/208 patel 42 CKT
16.
17.

Hand holes 21 - 6" x 3' x 3
Var. fregr drive - Alien

Bradley *1350
18. Var. freq, drive - Alien

" Bradley f 1340
200 HP mcflor JB s conn.
40 ™ aotig' JB S eonn.
25 HP motor JB s conn.
20 HP motae JB s conn.
5 HP motor JB 6 conn.
400A disemnect KEMA 3
100A disemnect NEMA 3
60A diaeosnect NEMA 3
30A diseomect NEMA 3
p.C. conlSDl
MCC - 7 aertions Alien

Bradley 2100
800 Main
Comb. stssters
4" PVC coaduit

PVC conluit
PVC cotduit

4* Adaptes
3" AdaptiGES
2" sdsptacs

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30
31
32.
33.
34.
35.
36.
37.
.38.
39.
40.
41.
42.
43.

3"
2"

Spaceac
Spacezt
Spaces*

Tie downs
Concrete
4" End bells

4*
3"
2"

Quantity

2
2
5
2
1
1
2
1

1
1

2
2
18

27
4
10
13
4
23
4
10
17
23
54

1
1
32
510'

1,730'
12,800'

30
60

. 360
130
430

3,200
700
200
16

Materials
($1

32
42

48
48
54

64

432
68
40
39
12
40
41
37
59
59
81

56
12
128
86
173
806
18
24
79
6
21
160
35
50
9

1RNII
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Item Material

3" End bells
._ . 2" End bells
46. Trench fi Backfill
47. 4" Higid conduit
48. 3" Rigid conduit

Rigid conduit
Elbows

3" Elbows
2* Elbows
4* DLH S Gr. Bush
3" DLR S GR. Bush
2" DUN S GR. Bcsh
500 MCM 5K9 cable

57. 500 MCK - XHHK cable
58. 25O MCM - XHHW cable
59. 4/0 - SHEW cable
60. 300 MCM - XHHW cable
61. 1/0 - XHHW cable
62. #6 - THEN cable
63. #8 - THHN cable
64. tlO - THHH cable
65. #12 - 2HHN cable
66. 14' Poles
67. 22' Poles
68. Lusninaires 1SOW
69. Bldg luminaires 150W
70. Pole bases - concrete
71. 150 W HPS lamps
72. Photocell
73. Contactor 60 AMP, 3 pole
74. l.O. Sack for MCC (RB2183)
75. Misc control monitoring
76. Flow valve
77. Press, valve
78. 400A fuses
79. 20QA fuses
80. 60 fuses
81. 30 fuses

100 fuses
I*** sealtite
1" sealtite

85. 3/4" sealtite
86. 3* sealtite
87. 3" sealtite connectors
88. 1%" sealtite connectors

1" sealtite connectors
3/4" sealtite connectors
ij" sealtite connectors

44.
45.

49. 2
50. 4
51.
52.
53.
54.
55.
56.

82.
83.
84.

89.
90.

Quantity

32
120

2,880'
SO1
160'
90'
22
48
270
16
32
180
480*

6,450'
500'

2,300*
960'
350*

4,000
8,700
23,000
42,000

22
5
61
13
27
74
2
2
1
32
20
20
30
6
90
130
30
40'
80'
100'
16'
8
20
40
SO
6O

Labor Materials
Houars <S)

12
26
172
16
20
7 ,
55
76
175
14
20
99
18
251
13
55
27
6
36
69
161
210
44
15
122
26
27
14
3
6
16
32
20
20
6
1
IS
22

• • 6
6
8
7
4
4
5
6
6
6

MRN1I
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r

Item Material Quantity

92. h" sealtite 120
93. Cable tray 12" ' 200'
94. Support racks 24
95. Strut stanchions - SS . 54
96. F.A. System - master 1

Stations 4
Detectors 12
Alarms . 5
Annunc. panel 1

97. Oltrasunic level 6
98. Fed. Em. battery system 4
99. TH-6 W/PS 300-2CKT 4
100. Remote horn & beacon 4
101. T.V. monitor - pan type 4
102. Interface to existing 4
103. Tie to A-B instrumentation 1
104. 2" x 4' layin fixtures 64
105. 2-96" industrial fixtures • 35
106. 40W Rapid start warm white 260
107. 96" warm white 70
108. Exit lights w/EMG - battery

pack ' ' 8
109. Bug-units 18" x 48* 16
110. 4" SQ duplex coyer plate 40
111. 4" SQ Switch cover plate 22
112. SQ s blank 20
113. FS-1 Box with plate 18
114. FS-2 Box with plate 12
115. 4" SQ & pit fi hanger 150
116. P.A. system - AMP & ties 1
117. Ceiling speaker 18
118. Volume control 2
119. Yard speaker 5
120. V flex conduit 400'
121. V* connector 150
122. h EMT conduit 2,200'
123. 3/4" EMT conduit 2,300'
124. 1" EMT conduit 1,800'
125. V connector 410
126. 3/4" connector 530

Materials
($)

12
32
30
16
10
18
24
97
16
18
3
20
12
10
77
112
90
36
53

MALCOLM
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Item

Materials
,. ̂  -j ,1Material

1" connector . .
*i" ST fi anchor
3/4" ST & anchor
1" ST fi anchor
#12 SHHH wire

Subtotal

Materials
labor - hrs 8 $2?.00/hr
Overhead (I 10% (material only)
Profit § 10% (material only)
Escalation i 5%

Main substation Papago Power Inc.*
(Quotation 1/31/84)

Total Cost

Proposal and detailed description of system under separate cover
denoted as Appendix A.

MRNU
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L

:tem Material Quantity
M̂̂ ^̂  •̂ ^̂ ^̂ ^̂ •̂̂ ™̂*

1. 40 x 90 x 18 3R enelos.
2. 120 x 90 x 18 3R enelos.
3. 80 x 90 x 18 3R enelos.
4. Data Hiway term kit
5. Data Hiway conn kit
6. I/D terminations
7. Data Hiway RS232 modules
8. Colorgraphic terminals
9. Intelligent panel
10. Ribbon cable mtag kit
11. PC document unit
12. Software e cables
13. Maint- kit
14. Console set & install
15. ID processor unit
16. System processor
17. Sec. video monitors
18. See. tape recorders
19. Term, in see console
20. Term in remote enelos.
21. Term in central console
22. Misc. tape, conn, screws, seals
23. Equip rental to set enelos.

and eq.
24. Trench s backfill C24" x 36")
25. 4" PVC
26. 4" spacers
27. 4" adapters
28. Tie downs
29. Contrete
30. Handholas
31. Roadway cut (asphalt)
32. Asphalt repair
33. Rubble remove
34. 4" Bells
35. Cable tray 12*
36. 4" PVC Sch 80
37. 4" PVC SCH 80 ELS.
38. Support racks
39. 4" strut clasps
40. B«lden 9429 cable (16-20)
41. Plywood back board

4' x 8' x 3/4
42. Spacers G supports
43. 1H EMT
44. h EHT
45. 1% ELB
46. h Coup fi conn
47. 1% Coup S conn

38
4
1
4
27
74
12
4
4
12
1
1
1
1
2
1
3
3
38

1,792
674
43

6 weeks

400
2,000
400
20
16O
35
4

180
360
3
50
100
300
20
26
60

5,700

4
Lot
450
500
15
120
80

608
96
20
20
27
74
48
16
8
12
4
8
2
16
8
4
12
6
9

268
101
344'
240

28
250
20
12
8
8
8
18
10
6
30
25
51
30
26
7

222

16
32
22
17
6
10
12

Materials
{$)

AS Proposal
AB Proposal
AB Proposal
AB Proposal
ftB Proposal
AB Proposal
AB Proposal
AB Proposal.
AS Proposal,
AB Proposal
AB Proposal
AB Proposal
AB Proposal
AB Proposal
AB Proposal
A3 Proposal
AB Proposal
KB Proposal
AB Proposal
AB Proposal
AB Proposal

MRNH
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Labor
Item Material Quantity Hours

48. h STR & CB 70 1
49. OA STR fi CS "60 3
50. 4" x 6" x 8" SCJB 10 3
51. 4" SQ & cover 20 5
52. #14 THHN Str. 14,000 67
53. 4" X 6" W.W. 6O 5
54. Remove & reinstall following
55. LSN recorders 14 56
56. LsN integrator 4 16
57. LsH indicator 2 8
58. LfiN electron* 8 32
59. LfiN remote meter 8 32
60. GE ammeters 7 21
61. Graphic symbols (am) (new) 76 19
62. Push buttons (new) 56 56
63. Bakelite tags (new) 90 18
64. Graphic symbol (Ige) (new) 30 15
65. 16 ' display cabinet 14 gauge

84" HT w/back doors 2 96
66. Supply fan 4 12
67. Lighting 8 24
68. LfiN recorders

Model 141-304-03-L0077-6-AO-
048-188-012-056 36 108

69. LfiN analyzer model 7084-11-208 4 12
L&N-PH electrode

70. Push button SQD 9001 75 75
71. Graphic symbols (LG) 50 ' 25
72. Graphic symbols (SM) 125 31
73. Graphic trace 700 175
74. Tags 150 30
75. Horns OR Alarm 4 8
7 6 . Transformer 9 K V 1 6

Subtotal

Materials
Labor 3784 Hrs S27.00/hr

Overhead @ 10% (materials only)
Profit @ 10% (materials only)
Escalation i 5% (material only)

*Allen-Bradley quotation
Alien-Bradley system preparation

Materials

Total Cost

"Proposal under separate cover denoted as Appendix B.

\IALGOLM
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A. Water Treatment Plant

Item Material

1. ' Control Building 70' x 100' x 20' high ; '
2.. Perimeter fence 250' x 200' x 7f high
3. Clarifiers 2-25' diameter by 14' deep
4. Backwash collection tank 1-60' diameter

by 12' deep
5. Stripping column/blower pads
6. Pump pads, 6 pads
7. Sludge holding tank 1-25' diameter

by 12« deep
8. Tank farm 15' x 30' x 7' high with

intermediate walls
9. Pressure filter pad 65' x 40' x 18" thick
10. Clear well 60* diameter x 9' deep
11. Site concrete 250' x 200' x 6" thick
12. Carbon adsorption system pad and shed

62' x 30' x 18" thick
13. Intermediate cleazwell 55' x 25' x 6' w/cover
14. Media washing sump 25' x 9' x 6'

•B. Remote Sites

1. Unimproved roadway 57,000 lineal feet
x 15' wide

2. 38 remote well sites
a) Electrical pad
b> Pump pads
c) Perimeter fence 30' x 30' x 7' high
d) Gates

3. Grading and sitework
4.. 17 Utility buildings (prefab at rec wells)

Total

Cost

Includes overhead and profit

IRNI
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RECLAMATION AND RECHARGE WELLS, SITS AND

WATER TREATMENT PLANT PXPIHG
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A) Reclamation Wells and, Piping

r
Item

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

21.

22.

23.

24.
25.
26.
27.
28.
29.
30.
31.
32.

33.

.34.

35.

36.

37.
38.

Material

Pipe PVC ring tite 6" 0
Pipe PVC ring tite 8" 0
Pipe PVC ring tite 10"
Pipe PVC ring tite 12"
Pipe PVC ring tite 14"
Pipe PVC ring tite 16"
Fittings ring tite ells
Fittings ring tite ells
Fittings ring tite ells
Fittings ring tite ells
Fittings ring tite ells
Fittings ring tite ells 16" 0
Fitting ring tite tees
Fitting ring tite tees 8" 0
Fitting ring tite tees
Fitting ring tite tees
Fitting ring tite tees
Fitting ring tite tees 16
Fitting flange w/mechanical
joint 6"

Fitting flange w/nechanical
joint 8"

Fitting flange w/mechanical
joint 10"

Fitting flange w/mechanical
joint 12"

Fitting flange w/mechanical
joint 16"

Valves check 6" 0
Butterfly valves 6" 0
Pressure sensors 6" p;
Valves 6" 0 butterfly
Pressure gauge 0-100 PSI
Temp, gauge 0-100° F
Gate valves galv Stl
Bell reducers galv Stl.
Flowmeters sensors an
(saddles) 6" 0

Flowmeters sensors an
(saddles) 8" 0

Flowmeters sensors an
(saddles) 10" 0

Flowmeters sensors an
(saddles) 12" 0

Flowmeters sensors an
(saddles) 14" 0

Pipe copper V S.J. v
Pipe galv Stl. Ifc" 0
w/supports

2" 0

Quantity
Materials

(S)

>
1
0
0
0
0
i 6" 0
i 8" 0
i 10" 0
i 12" 0
i 14" 0
I 16" 0
6" 0
8" 0
10" 0
12" 0
14" 0
16" 0
lical

lical

lical

lical

lical

pe
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W"
. 2" x 1*"
fittings

fittings

fittings

fittings

fittings

supports

13,800 LF
11,000 LF
4,450 LF
2,000 LF
1,250 LF
950 LF
54 ea
5 ea
1 ea
4 ea
2 ea
6 ea
41 ea
41 ea
1 ea
3 ea
2 ea
3 ea

314 ea

10 ea

6 ea

4 ea

2 ea
17 ea
17 ea
17 ea
68 ea
17 ea
17 ea
17 ea
17 ea

21 ea

5 ea

3 ea

2 ea

1 ea
3,400 LF

8,560 LF
17,460 LF

PIRNS
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Item Material Quantity

40. Fittings galv Stl. thrp
ells 1%"

41. Fittings galv St. thrp
tees 1%"

42. Fittings galv Stl. thrp
unions 1%"

43. Fittings galv Stl, thrp
ells 2"

44. Fittings galv Stl. thrp
tees 2"

45. Valves check valves 1%"
galv stl.

46. Trench 26,725 U1 4' x 3' deep
47. Backfill 26,775 13" 4' x 31 deep
48. Thrust blocking at each turn

and valve

Material cost
Labor cost
Overhead @ 10% of material cost
Profit S 10% of material cost
Escalation @ 5% of material cost

33 ea,

2 ea

300

Labor

723

68

Materials

17 ea

13 ea ,

11 ea

, 17 ea
20,300 CY
20,300 Of

244

324

480

270
60,900
109,600

Total cost
Reclamation wells (12" diameter)

Total cost

Includes labor, materials, overhead and profit
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B. ' Recharge Wells and Piping

Item Material Quantity

1. Control valves 6" 0 21
2. PVC ring tite blue brute

piping 6" 0 ' 22,550 LF
3. PVC ring tite blue brute

piping 8* 0 13,300 If
4. PVC ring tite blue brute

piping 10" 0 13,100 LF
5. PVC ring tite blue brute

piping 12" 0 1,700 LF
6. PVC ring tite blue brute

piping 14" 0 800 LF
7. PVC ring tite blue brute

piping 16" 0 1,300 LF
8. PVC ring tite fittings

ells 6* 0 123 ea
9. PVC ring tite fittings

ells 8" 0 1 ea
10. PVC ring tite fittings

ells 10" 0 2 ea
11. PVC ring tite fittings

ells 12" 0 2 ea
12. PVC ring tite fittings

ells 14* 0 2 ea
13. PVC ring tite fittings

tees 6" 0 73 ea
14. PVC ring-tite fittings

tees 8" 0 6 ea
15. PVC ring tite fittings

tees 10* 0 5 ea
16. FVC ring tite fittings

tees 12" 0 3 ea
17. PVC ring tite fittings

tees 14" 0 1 ea
18. PVC ring tite fittings

tees 16" 0 2 ea
19. Mechanical clamp 6" 0 424 ea
20. Mechanical clamp 8" 0 10 ea
21. Mechanical damp 10* 0 4 ea
22. Mechanical clanp 12" 0 8 ea
23. Valves check 6* 0 steel body 21 ea
.24. Copper tubing fc" S.J. w/supports 4,200 LF
25. Pipe 1*" galv Stl. Threaded

w/supports 12,840 IS
26. Pipe 2" galv Stl. threaded

w/supports 26,180 LF
27. Fitting galv stl. threaded

1»»" 0 Ells 51 ea

MALCOA1
PIRNIE

Materials
($)



477
Materials

Item Material Quantity

28. Fitting galv stl. threaded
1%" 0 Tees 2 ea

29. Fitting galv stl. threaded
1%" 0 Unions 21 ea

30. Fitting galv stl. threaded
2" 0 Ells 20 ea

• 31. Fitting galv stl. threaded
2" 0 Tees 16 «a

32. Valves check stl body Ife*
threaded 21 ea

33. Pressure sensors 6" 0 21 ea
34. Butterfly valve 6" 0 flanged 105 ea
35. Pressure gauge 0-250 psig 21 ea
36. Temperature gauge 9" 21 ea
37. Gate valves galv stl. 1%"

threaded 21 ea
38. Bell reducers galv stl.

2" x I1*" 21 ea
39. Plug PVC 6* 0 ring tite 21 ea
40. Flow meters sensors, fittings

6" 0 23 ea
41. Flow meters sensors, fittings

8" 0 5 ea
42. Flow meters sensors, fittings

10" 0 2 ea
43. Flow meters sensors, fittings

12* 0 • 4 ea
44. Trench 40,160 LF 5' wide

3* deep, 21,000
45. Backfill and grade' 4' wide

x 3' deep 21,000
46. Thrust blocking at each turn

and valve 320 ea

Material cost
Labor cost
Overhead @ 10% of material cost
Profit 8 10% of taaterial cost
Escalation @ 5% of material cost.

Sub total

42. Seeharg* wells (21)
21 x 11,400 -

Total

1RN11
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C) Water Treatment Plant Piping

Item Material Quantity
Materials
__($)

1.

2.

3.

4.

5.

6.

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

28.

29.

30.

31.
.32.

33.

34.
35.

Water line black steel 16"
0 welded

Water line black steel 12"
0 welded

Water line black steel 10"
0 welded

Water line black steel 4*
0 welded

Water line black steel 2"
0 threaded

Water line black steel 1*
0 threaded

Polymer CPVC pipe h* 0
Polymer CPVC pipe 1 0
Fittings B/S 16" welded Ell
Fittings B/S 12" welded £11
Fittings B/S 10" welded Ell
Fittings B/S 4" welded Ell
Fittings B/S 2" threaded Ell
Fittings B/S 1" threaded Ell
Fittings B/S 16 welded Tee
Fittings B/S 12 welded Tee
Fittings B/S 10 welded Tee
Fittings B/S 4 welded Tee

2" threaded Tee
threaded Tee
0 threaded union

Valves flanged 16" butterfly
Valves flanged 12" butterfly
Valves flanged 10* butterfly
Valves flanged 4" butterfly
Valves threaded 2" gate
Flanges welded w/gaskets fi
boltups 16" 0

Flanges welded w/gaskets &
boltups 12* 0

Flanges welded w/gaskets s
boltups 10" 0

Flanges welded w/gaskets &
boltups 4" 0

Air line galv steel 2" 0
Fittings galv steel 2" 0
threaded ell

Fittings galv steel 2" 0
threaded tee

Valves 2" gate stl.
Fittings CPVC V Ell

Fittings B/S
Fittings B/S 1"
Fittings B/S 2"

400 LF

300 LF

250 LF

1,350 LF

200 LF

200 LF
240 LF
280 LF
47 ea
45 ea
30 ea
78 ea
9 ea
5 ea
20 ea
15 ea
14 ea
47 ea
.7 ea
1 ea
8 ea
10
15
20
40
2 ea

88 ea

64 ea

100 ea

294 ea
180 LF

12 ea

13 ea
15 ea
15 ea
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Labor "Materials

Item Material Quantity ($) ——($>——

36. Fittings CPVC %* Tees . H aa
37. Fittings CPVC 1" Ells 14 ea
38. Fittings CPVC 1" lees 3 ea
39. Valves gate V CPVC socket weld 16 ea
40. Valves gate CFVC socket weld 3 ea
41. Chlorine piping black stl.

threaded %" 0 320 »
42. HAOH piping (CPVC socket weld

• 1- 0 ' 120 tF
43. PeSO, piping (CPVC) socked weld

j«40 14° **
44. Fitting chlorine piping %"

0 Ells B/stl. 9 «*
45. Fitting 8aOH CPVC 1" Ells 14 *a
46. Fitting HaOH CPVC 1" Tees 2 «a
47. Fittings FeSO, piping CFVC Slls

!• 0 4 11 ea
48. Fittings FeS04 piping CPVC Tees

49. Valves gate CPVC 8 ««
50. Butterfly control valves 16"

flanged *
51. Butterfly control valves 12"

flanged 3

52. Butterfly control valves 10*
flanged 4

53. Butterfly control valves 4"
flanged . .4

54.' Butterfly control valves 2"
threaded 4

55. Butterfly control valves 1"
threaded 2

56. Butterfly control valves V
threaded 2

57. Flow meters/sensors/saddles/
housing 16* 6

58. Flow meters/sensors/saddles/
housing 12" 3

59. Flow jaBters/aensors/saddles/
housing 10" 3

SO. Flow jaeters/sensors/saddles/
housing 4" 7

61. Flow jaeters/sensors/saddles
housings 2" 2 ea

62. Flow' neters/sensors/saddles
housings 1" 2

63. Flow meters/sensors/saddles
housings V 2

IRNH
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Materials

Item Material Quantity ($) ($1

64. Safety check valves flanged 10" 3
65. Safety check valves flanged 4" 14
66.. Safety check valves threaded 2" 2 ea
67. Safety check valves threaded 1" 2 ea
68. Bell reducers welded 16" 23 ea
69. Bell reducers welded 12" 1 ea
70. Bell reducers welded 4" 16 ea
71. Bell reducers threaded 2" 4 ea
72. Bell reducers threaded 1" 4 ea
73. Flex connections 16" 0 8 ea
74. Flex connections 10" 0 8 ea
75. Flex connections 4* 0 14 ea
76. Flex connections 2" 0 4 ea
77. Flex connections 1" 0 4 ea
78. in line stainless stl mixers 4 ea
79. Pressure sensors 30 ea
80. Temperature sensors 4 «»
81. Blind flanges/gaskets/boltup 4" 4 ea
82. Cap 2" stl pipe 2 ea
83. Flow measuring devices 2" 0 4 ea
84.. Control valves butterfly 2" 0 4 ea
85. Pressure sensors 2" 0 4 ea
86. Flex connections 2" 0 ' 1 ea
87. Bell reducers 2" 0 1 ea
88. 30" 0 Ductwork 25 If
89. 48" 0 Ductwork 125 LF
90. 6" 0 PVC piping 600 Tf
91. 6" 0 Valves 12 ea
92. 2" 0 PVC piping 250 LF

Material cost
Labor cost
Overhead § 10% of material cost
Profit @ 10% of material cost
Escalation @ 5% of material cost

Total cost

'
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Treatment Plant

Materials
Item Material Quantity ($)

1. Packed column & media 6
2. Recessed plate filter press

package 2
3. Pressure filters 4
4. Blowers 6
5. Intermediate pumps 3
6. Transfer pumps ^
7. Clarifier feed pumps 2
8. Sludge transfer pumps 2
9. Filter press feed pumps 2
10. Compressor 1
11. Mixers 6
12. Clarifier mechanism 2
13. Polymer makeup, storage &

feeding system package 2
14. Caustic storage tank 1
15. Caustic feed pumps 3
16. Ferrous sulfate feed pumps 2
17. Acid storage tank 1
18. Acid transfer pumps 2
19. Acid metering pumps
20. Acid cleaning reciroalation

pump 2
21. Chlorination eqpiip. include

analyzer s controller -
f 22. Cartridge filters 2
L 23. Building sump pump 2

24. pH probe indicator/controller 2
f 25. Carbon adsorbers 2
i 26. Package boilers 2

27. Fuel oil storage tank 1
,. • 28. Analytical equipment CGC)

Material cost .._..._ „.„_
Labor cost

i overhead @ 10% of material cost
,_ Profit i 10% of material cost

Escalation § 5% of material cost
f
L- Total

1

IRNI
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FIRST YEAR

OPERATION AND MAINTENANCE

COST ESTIMATE - 5000.-

r
[ Power

Chemicals

Maintenance

Operating labor

Sludge Disposal

Total

r

(7—

r

L
L

L
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COMMUNITY'RELATIONS PLAN
TDCSON AIRPORT SITE
TUCSQN, ARIZONA

1.0 SITE BACKGROUND

The Tucson Airport Area site covers approximately 24 square
miles, and,is located in the southwestern section of Tucson
in Pisia County. It encompasses the Tucson International
Airport, Hughes Aircraft Company facility, portions of the
San Xavier Indian Reservation and residential areas of South
Tucson west of the airport. Ground water contaminated with
organic and metallic compounds, primarily trichloroethyiene
CTCE) and hexavalent chromium, has been discovered at the
site.

The ground water underlying the Tucson Airport Area site is
part of the Tucson Basin, a major aquifer system in the
area. The City of Tucson uses this aquifer as its principal
source of water supply. The Tucson area, with a population
of 517,000, is one of the largest metropolitan areas in the
country totally dependent on ground water for its drinking
water supply.-

Ground water contamination in the vicinity of the Tucson
Airport was discovered in March 1981 by an EPA Field Inves-
tigation Team CFIT) during an Uncontrolled Hazardous Waste
Site Investigation of Hughes Aircraft (AFP-44). The Hughes
site was selected for review as a result of the Arizona Sur-
face Impoundment Assessment which was conducted by the Ari-
zona Department of Health Services and published in December,
1979. Initial well water samples had shown concentrations
of TCS ranging from 0.3 parts per billion (ppb) to 4,600 ppb.
A later report put the TCE level as high as 13,000 ppb.
Other pollutants detected included TCA (trichloroethane),
DCE fdichloroethylene), and hexavalent chromium.

Based upon data available to date, Los Reales Road has been
designated as the northern most boundary of the contaminant
plume emanating from the Hughes Aircraft Company facility,
also known as Air Force Plant f44. This facility is owned
by the U.S. Air Force and operated by Hughes Aircraft Company.
The Air Force is conducting remedial activities in accor-
dance with its Installation Restoration Program (IRP). A
Memorandum of Agreement {MOA} is currently being negotiated
between EPA, the State of Arizona and the City of Tucson,
and the Air Force and Hughes Aircraft Company (HAC) to spec-
ify responsibilities and activities of each party for reme-
dial investigation and cleanup south of Los Reales Road.

Superfund remedial activities will occur north of Los Reales
Road and will be conducted fay the State of Arizona through a
Cooperative Agreement or by any private parties found to be

PD904.085 • 1
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responsible for the contamination. Work may be performed
outside the stipulated area as necessary to define the con-
tamination sources and its migration.

The land use in the nonresidential pert of the area is medium
and heavy industrial manufacturing. Between 1940 and 1960
the primary industry in the area was aircraft manufacturing
and retrofitting. The hazardous substances that were and
continue to be generated in the area, primarily by aircraft
industries, include heavy metals (copper, nickel/ chromium,
zinc, cadmium, and lead), solvents (TCE 1,1 diehloroethylene
(DCE) and 1,1,1, trichloroetiiane (TCA) ) , and oils and
paints. Although the present industries currently reclaim
or treat most waste, disposal in unlined holding ponds or
pits was a common practice in the past. The total volume of
wastes disposed of in this manner cannot be accurately
estimated.
From March 1981 through the present, the EPA, State, and
City have conducted an investigation to determine the extent
and sources of ground water contamination in both the north-
ern and southern portions of the site. The investigation
has included a well inventory, a well sampling program, and
requests sent under Section 3007 of RCRA for information on
solvent use and disposal.

Because the initial evidence of ground water contamination
was found on and near the Hughes facility, most of the in-
vestigation has been concentrated south of Los Reales Road.
This has included surface and subsurface soil sampling and
the construction of five (5) monitoring wells. In addition,
Bargis and Montgomery, Inc., a hydrogeological consultant to
Hughes Aircraft and the Air Force, conducted an investigation
of the subsurface conditions 'at the Hughes facility. Eargis
and Montgomery also conducted solute transport modeling to
estimate the extent of the contamination emanating from the
facility. The primary conclusions of these investigations
is that the facility is a major source of ground water contam
ination and that the extent of the contamination reaches
northwesterly to Los Reales Road.

The EPA, State, and City investigation of the area north of
Los Reales Road has found 30 wells that are contaminated
with TCE at concentrations ranging from 0.3 ppb to greater
than 400 ppb. Six municipal and six private wells have con-
centrations that exceed 5 ppb, the State Action Level. How-
ever, the extent and sources of contamination are as yet
unknown. Six (6) more monitoring wells have recently been
constructed, five (5) of which will be dedicated to finding
sources north of Los Reales Road. However, because of the .
large area involved, a Remedial Investigation is needed to
complete the investigation and to identify the. sources and
extent of the contamination north of Los Reales Road.

PD904.085 2
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A review of tests and records seems to indicate that the
contaminants are a result of disposai practices that oc-
curred 20 or 30 years ago (ADHS News Release 8/2/82}. The
only responsible parties identified to date for areas south
of Los Reales Road are Hughes Aircraft and the Air Force.

The current MOA will specify the responsibilities and activi-
ties of each of the parties through all phases of remedial
actions south of Los Reales Road. Should additional informa-
tion indicate that the federally caused portion of the con-
tamination extends farther north than Los Reales Road,- the
site will be reevaluated through a process established in
the MOA.

EPA Region 9 initiated enforcement activities for those areas
north of Los Reales Road by sending SCRA Section 300? and
CERCLA Section 104 letters to 22 companies in the northern
portion of the site. Responses to these letters have been
referred to PIT for further analysis and/or site inspections.
Based on the review of the responses, site inspection reports,
and the results of the remedial investigation. Notice Letters
will be sent to those companies determined to be potential
responsible parties.

2.0 COMMUNITY RELATIONS ASSESSMENT

2.1 History of Community Relations Activities

Since the initial detection of TCE in wells near the Tucson
Airport, press and other media coverage has been fairly regu-
lar. The Arizona Daily Star and the Tucson Citizen have
carried numerous articles and editorials on the TCE situa-
tion. When new areas or levels of contamination have been
detected, the press coverage has been extensive. As moni-
toring efforts produce routine findings, and if no new areas
of contamination are detected, the press coverage usually
decreases. Television coverage appears to have been good,
and is often cyclical in approach as with the newspapers.
Generally, both government and citizen representatives feel
that the media has been and could continue to be the most
effective vehicle for public information. Interviewees feel
that the local media has done a good job of describing the
technical issues and facts.

One formal public meeting has been held to discuss the Tucson
Airport Area TCE problem. That meeting was held in City
Hall, Tucson, on September 30, 1982. Approximately 20 citi-
zens and an equal number of government representatives (local,
state, and Federal} attended. Most of the people interviewed
during this assessment felt that the media coverage of the
meeting was very good. They expressed the opinion that in
some instances good media reporting could be as, or more,
effective in reaching the public, than a public meeting.

PD904.08S
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The Arizona Department of Health Services held an additional
public meeting on April 20, 1983. The meeting was attended
by about 20-30 people who asked a variety of questions.

Several other meetings with legislative committees, health
organizations, and county agencies have been open to the
public, with little public attendance. In addition, ADHS
has conducted numerous briefings for the mayor and City
Council of Tucson and the Pima County Board of Supervisors.

CHRONOLOGY OF COMMUNITY RELATIONS FOR TUCSON AIRPORT SITE

Date: S/15/81
Activity: News Release to press
Agency: ADHS
Content: Issued initial TCE findings. Announced meeting to

be held with City, Hughes Aircraft.
Date: 7/2/81
Activity: News Release
Ageney ? ADHS
Content: EPA confirmation of TCE findings. City wells shut

down. Monitoring program initiated.

Date: 8/13/81
Activity: New Release
Agency: ADES
Content: Public update on sampling results.

Date: 9/10/81
Activity: Informal News Release (by telephone contact)
Agency: ADES
Content: Sampling Results

Date: 11/2/81
Activity: Information News Release (by telephone contact)
Agency: ADHS
Content: Sampling Results
Date:' 4/23/82
Activity: Informal News Release (by telephone contact)
Agency t ADHS
Content: Sampling Results

Date: 8/2/82
Activity: News Release
Agency: ADES
Content: Study findings indicate TCE contamination is re-

sult of historical activities, not ongoing acti-
vities.

PD224.024
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Dates 8/9/82
Activity: News Release
Agency: ADHS
Content: Working committee established with all parties

represented. Memoranda of Agreement discussed.
Superfund/CERCLA/DQD roles discussed. Programming
Plans.

Date: 9/2/82
Activity: News Release
Agency: ADHS
Contents Air Force activities in investigations announced.

Dates 9/30/82
Activity: Public Meeting
Agency: Mayor's Office, City of Tucson
Content: Twenty members of public, numerous agencies in-

volved.

Date: 2/4/83
Activity: Hew Release
Agency: ADE5
Content: EPA approved $895,000 (Superfund) for Remedial •

Investigations and Remedial Feasibility Studies.

Date: Continuous
Activity: Hews telecasts and newspaper articles have oc-

curred somewhat regularly throughout this time
frame.

During March 1983, the Arizona Department of Health Services
established a toll free number in Tucson to answer questions
concerning the site. The number was available over a weekend
and 18, to 20 telephone' calls were logged. (Some constraints
in the taping process may have affected the number of tele-
phone calls that were recorded.) The issues identified dur-
ing those telephone calls are listed in the following section.
Since that time a few letters have been received from local
interest groups. These letters are also discussed below.

2.2 Community Relations Issues and Actors

The attached Table 1 lists the individuals, agencies, and
groups that were interviewed during the preparation of this
Community Relations Plan. It also includes a summary of
their comments.

K59Q4.Q8S



Table 1

TUCSON AIRPORT CUP INTERVIEWS SUMttRY

TOPIC AREAS

INTER-
VIEWEES

PUBLIC
UNDER-
STANDING

PUBLIC NEEDS

PUBLIC
MEETINGS

PRESS/MEDIA
COVERAGE

BEST CONDUITS
FOR INFORMATION
DISBURSEMENT
(CREDIBILITY) .

SUGGESTED
ACTIONS

ADIIS
P. Blelka
R. Gentry
J. Dyckatra

Somewhat
confused.

Coordinated
Info, laauance.
Information
center.
Info, papera.

Hot aucceaa-
ful to date.
Try tore'.
Keep low key.

ADHS been
attacked.
Hat consistent.
Sane Inaccu-
racies.

ADIIS (maybe
reg. office)
Tucaon Water
Policy Commit-
tee (exiatlng).

Controlled
dlaburiement.
Info, center.
Newsletters.
Prcaa briefing.

State Senator
J. Havhlnney
Assist. HaJ.
Leader

Ill-informed
and confused.
See little
action, loti
of atudy.

Education.

^

Too senin-
t tonal.

ADHS o.k.
but Internal
problems.
City beat.

Educate pub-
lic. Go
beyond TCE.
Eat. city
BB center.

State Senator
G. Umn
Drafter, State
Superfund Bill

Confuted.
Don't under-
stand "health
isauea."

Better info.
disbursement.

Only good
for pre'aa
coverage .

Too aenas-
t tonal.

ADIIS and
ctty.
City moat
Important
locally.

One source
for info.
Better coord.
with city /ADHS
Hare in fa.
oat.

City of Tucaon
T. Jefferaon.U.D.
T. J. HarrlBon
Assist. Atty.

Hot too well
informed.
Concerns are
mostly Indivi-
dualistic.

(tore Info.
on health.
Information
mailing.

Ho more until
have products
tO dtBCUBB.

Too sensa-
tional.

City. ADHS
too, but "out-
alder."
Water Dept.

Mure education.
Ha 11 ings with
water blllB.
Better tech.
Information.

Governor's Office
T. Hllton-Coddard
Staff to
llealth/tucson

Yea on TCE.
Nut on What
la being done.

Better Info.
One aource
for Info.

Hot good.
Media dis-
bursement
better.

Good.
Should be more
Involved.

ADIIS and
city.
City best.

Info, center
Phone line
Repository
(tore Info.
Dltburie via
Tucton.

Arlt. Dally Star
Jane Kay
"Lead" Reporter
Onalte

Generally
o.k. Not
enough Info.
out.

Better Info.
on what.
where, when,
how.

Hot that
beneficial.

Hard to get
good Info.
Too many
sources.

ADIIS and
Tucaon Water.
Tucson Water
very credible.

Establish good
tech. contacts
for public.
Media workshop.
TV programs.

Sierra Club
Alex Dely
Also PIHA
Adv. Comma.

Confused.
In dsrk.

More Info.
Better under-
standing of
isauea.

Not that
helpful.

Accurate.
Should have
better accesa
to data.

A central
technical
committee of
citizens and
of university.

Newsletter.
Repository.
Phone line.
TV programs.

Glenn Thompson
Prof, of llydrol- . •
ogy. University
of Arizona

Little under-
standing.

^_>

Education. Hore
Involvement In
proceaa.

Not effective.
Media coverage
better.

Accurate and
good.

ADDS ind
city water.
City watf r
beat.. Moat
credible.

Hare public
involvement.
Info, sheets.

;•

CD
CO
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Past community relations activities have responded to commun-
ity problems or public concerns as they arose. Information
has been disseminated through a variety of sources, which at
times has been confusing to the general public. Interviewees
did not feel that the health issues were generally understood.
In general, the detected TC£ levels appear to concern those
people who live in the immediate area of contamination, but
do not appear to openly concern the general Tucson population.

Interviewees felt that the public does not perceive much
difference between the site north of Los Reales Road (Super-
fund area) and south of Los Reales Road (Air Force Plant
f44). The public has little understanding of the Air Force's
response to the situation. EPA is perceived as the source
for guidance and funding, but is perceived as being slow to
act. EPA is also expected to generate response and coopera-
tion from the Air Force, which some interviewees felt has
been lacking to date.

*

The Arizona Department of Health Services is the most visible
entity in the program, and has maintained good credibility
on most accounts. However, they lack a local presence in
Tueson.

The Tucson Water Department appears to be maintaining good
credibility. Because of their local presence they may be in

« a favorable position to assist ADHS in future community rela-
- tions activities.

Issues raised .during local interviews, telephone response to
the toll free number and recent letters are summarized below.

Primary Issues

» Health effects of TCE - at what level(s) does TCE
become a health hazard? What are the long term
impacts of exposure? '(Interviews, telephone re-
sponse .)

* What is the extent of the TCE and other contamin-
ants in the ground water supply? Where are they
moving, and how can they be treated? (Interviews,
telephone response.)

• Since the source of contamination appears to be
primarily through long term soil leaching, how can
the extent of (possible) contamination be deter-
mined and how can it be cleaned up before seepage
reaches the ground water? Could this be just the
beginning of a long series of contaminations reach-
ing the ground water? How can the contaminated
soil areas be identified, and how can they be
cleaned up? (Interviews.)
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Secondary Issues

• What are the possible long-term impacts to Tucson
business development, growth planning," and re-
gional/national image? (Interviews.)

• Can the Air Force be held responsible for all that
they should be responsible for, given the apparent
autonomy they have regarding CERCLA? Why isn' t
Hughes Aircraft held responsible for these activi-
ties when they reaped the benefits (profits) of
the activities. Who is responsible for all sources
of the contamination? (Interviews and telephone
response.)

• Can TCE move through the food chain if it occurs
in water used for cropland or livestock irrigation?
(Telephone response.)

• If private well contamination requires hookup to
the city water system, who is responsible for pay-
ing for the hookup? (Telephone response.)

Recent letters from the League of Women Voters and the South-
west Environmental Services have requested information on
project status, cleanup methods, sources of contamination,
cleanup cost and funding.

3.0 COMMUNITY RELATIONS OBJECTIVES AND TECHNIQUES

3.1 Community Relations Objectives

The Community Relations Plan will be implemented by the Ari-
zona Department of Health Services, with assistance from
U.S. EPA Region 9. The following list of objectives are
intended to guide the community relations activities that
occur at the Tucson Airport Site. It is important that both
community relations and technical personnel remain sensitive
to changing community conditions which may require a change
in community relations strategy.

1. Heighten the general public knowledge of the issues and
problems related to the site. The general consensus of
those interviewed, as demonstrated by public comments
and inquiries received by state senators and the Tucson
Water Department, is that the public has not been well-
informed in the past. Appropriate means to provide
better information and raise the level of public under-
standing, should be implemented.
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2.' Provide consistent, well-organized, and understandable

information to the public* Public confusion is partially
a result of the publication of technical information
that has' been misinterpreted. When highly technical
data are used, information should be "decoded* in a.
technically accurate manner and then distributed through
a consistent and credible source.

3. Provide regular updates of the overall program to give
confidence to the public that the problem is being fully
pursued. There is some public perception that the clean-
up of the ground water is hopeless and that nothing can
be done.

4. Provide the media with timely, detailed, accurate infor-
mation on a regular basis throughout the Remedial Investi-
gation/Feasibility Study. The media provides an effective
source of public information in the Tucson area.

5. Provide local residents and local and state officials
with the opportunity to comment an remedial action alter-
natives identified during the feasibility study, prior
to final selection of a remedy. A 3-week comment period
will be provided for public review of the feasibility
study.

6. Maintain an ongoing awareness of community concerns and
information needs, and modify this community relations
plan as necessary to reflect required changes.

7. Clearly describe the roles and responsibilities of the
participating Federal and State agencies.

1 8. Provide a data repository in Tucson where appropriate
documents, reports and related information will be avail-
able for public use.

1
1
I
I

9. Provide the public with clear information on the sepa-
rate activities at the Tucson Airport and Air Force
Plant #44 sites.

3.2 Community Relations Techniques

1. Establish Tucson field investigation coordination office
and information repository.

Information distribution must be consistent, accurate
and readily accessible to the public. To accomplish
this, the Arizona Department of Health Services (lead
agency for site cleanup and community relations) will
establish a Tucson field investigation coordination
office. The Tucson office will also act as a repository
for general and technical information concerning the
site.

PD904.085



5130

An announcement will be made of the office's opening. A
press release and radio public service announcement will be
distributed. TCE Dpdate will include an" article on the
office's function and resources.

2. Prepare technical data for public distribution.
Technical data will be summarized for public review.
Tucson area public interest groups have a history of
involvement in water issues and thus can be expected to
desire access to technical information. Well written
report summaries, including technical explanations,
will be prepared to allow meaningful public review.

A Data summaries and reports will be available for
public review at the Tucson field investigation
coordination office and the ADHS office in Phoenix.

3. Distribute regular newsletters.

TCE Update, a newsletter, will be mailed to affected
and?or interested groups'or persons every 2 to 4 months.
This will provide a regular source of information on
the progress of the program. The fact sheets outlined
below may be a major source of information for the TCE
Updates.

Copies of the TCE Update will be- available at the
Tucson field investigation coordination office and the
ADHS office in Phoenix.

4. Establish a telephone information line.

A telephone information number will be published to
provide the public with a central contact point. This
information telephone will be located at the Tucson
field investigation office. Periodic radio announcements

• will publicize the telephone information line number
and all reports and newsletters will include the number.

5. Assist with media programs to educate and inform area
residents.
Host individuals interviewed during -the preparation of
this assessment feel that the local media has fairly
represented information concerning the site. ADHS and
the City of Tucson will continue to assist local televi-
sion and newspapers with public education programs in-
cluding coverage of the issues, studies and results.
Local television stations have expressed interest in
such programming and one station recently scheduled a
series on statewide ground water contamination. ADHS
will contact local media to determine the type of infor-
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nation that will be useful and will encourage public
education programs on the TCE issue. • ADHS will assist
local media with these programs, but will not have suffi-
cient staff resources to produce special programs.
Educating press staff on the technical issues will allow
clearer coverage of upcoming activities. ADBS and the
City of Tucson will work closely with the media, to
maximize the opportunity to increase community under-
standing.

6. Public meetings.

Public meetings have not been viewed as an effective
community relations technique in Tucson. Attendance
has been poor, and meetings are not considered an ef-
fective means to reach the general public by those in-
terviewed. If public interest warrants, however, pub-
lic meetings may occur at selected times when substan-
tial data or issues can be discussed. Properly adver-
tised and presented, they may be a beneficial public
information tool. A public meeting in the immediate
area of the Tucson Airport may be appropriate at the
conclusion of the remedial investigation. The need for
public meetings will be gaged as the Remedial investiga-
tion proceeds. If study results show significant con-
tamination, public interest may increase substantially.

f The need for further public meetings will be carefully
reviewed once the Remedial Investigation has been com-
pleted. A public meeting to accept comments on the
Feasibility Study may be appropriate toward the end of

B the 3-week comment period on that* document.

7. Briefings of local officials.

The Tucson Airport Area Site Policy and Technical Com-
mittees include representatives from ADBS, £PA Region 9,
the City of Tucson, D.S. Air Force, and Arizona Depart-
ment of Water Resources. ADHS will inform these indi-
viduals of upcoming activities and study results by
mail or telephone calls. State legislators, including
Senator J. Mawhinney and Senator G. Lunn, have expressed
interest in this site. They will be regularly briefed
on the progress of site activities.

8. Press releases and briefings.

Press releases will be prepared at appropriate times
throughout remedial activities. Press briefings will
be prepared when significant findings occur. At a
minimum, press releases will occrur at the following
times:

PD904.08S 10



II
1
I
I

• At the outset of the Remedial Investigation to
identify the work to be done and when results are
expected to be available.

•• At the completion of the Remedial Investigation,
or whenever significant test or study results are
available.

• At the completion of the Feasibility Study to iden-
•tify alternative remedial ations.

• Throughout the Remedial Investigation/Feasibility
Study to announce public meetings, activities (such
as the location of the information office), or
other activities of note.

9. Fact sheets.

Fact sheets will be prepared as appropriate and will
provide more detailed data and analysis than can be
included in a press release or other information source.
The preparation of fact sheets is discretionary and is
largely dependent on the complexity of the data to be
presented. ADHS will prepare and distribute fact sheets
to accompany each of the press -releases outlined above
as appropriate. Fact sheets will be available at the
Tucson field investigation coordination office and may
serve as the major source for newsletter articles.

10. Telephone survey.

A recent telephone survey was extremely useful in deter-
mining public awareness and concerns. Additional sur-
veys will be held at selected times in the study pro-
cess to again gage the level of public concern. Three
such surveys will occur over the Remedial Investiga-
tion/Feasibility Study time frame.

11. Mailing list.
ADHS will prepare a mailing and distribution list for
the TCE Update, fact sheets, press releases and other
information documents. A distribution list for report
copies will also be prepared. Regular updates of these
mailing and distribution lists will occur.

12. Community discussions.

Community discussions will take place as new groups and
organizations emerge showing interest and/or concern
with site activities.
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13. Community relations plan review and update.

This community relations plan will be carefully re-
viewed each guarter and revised as appropriate. Spe- •
cial attention will be directed at the community rela-
tions activities schedule. Appropriate revisions will
be made.

»
14. Public comment.

ADES will actively seek public comment on the Feasibility
Study. Press releases, TCE Update, and radio announcements
will notify the public of the report's availability two
weeks prior to the comment period. A public meeting
will be held at the onset of the 3-week public comment
period.

4.0 PERSONNEL ALLOCATION

The following personnel allocations are based on the tech-
niques described in the previous section. A 12-month time
frame for the Remedial Investigation/Feasibility Study has
been-assumed. Personnel allocations for each task are out-
lined below. Budget information is contained in the follow-
ing section. Personnel allocations and budgets are limited
to tasks to be completed by the community relations special-
ist, and graphics support. The project manager's time for
review, local•briefings, and public meeting attendance, as
well as clerical support, have been included in the tech-
nical program budget.
1. Establish Tucson field investigation coordination office

and information repository.
The Tucson field investigation coordination office will
be established within the technical program budget. It
is expected that the field office secretary will spend
approximately 1 hour per week responding to public phone
calls and operating the information repository. It is

j expected that the community relations specialist will
L| spend an average of 4.5 hours per week answering general
•I phone calls and coordinating community relations

activities.

I
I
3

Community Relations Specialist
4.5 hrs per week x 52 weeks 234 hrs

2. Prepare technical data for distribution.
Summaries of technical data will be .prepared at the
conclusion of the Remedial Investigation and Feasibility
Study phases. A two- to three-page executive summary
is expected. It is also assumed that a minimum of one
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test result summary will also be prepared. This is a
total of three technical summaries over the 12-nsonth
project.

Community Relations Specialist
16 hrs each summary x 3

Graphics support
2 "hrs each summary x 3

3. Distribute TCE Updates.

48 hrs

6 hrs

Currently, TCE Update newsletters-are distributed every
2 to 4 months. It is expected that four to six TCE
Updates will be distributed during the RI/FS.

Community Relations Specialist
9 hrs each x 4

4. Establish telephone information line.

36 hrs

The telephone information line will be located at the
field investigation coordination office. The cost of
that telephone line is included in the technical program'
budget. Costs associated with public inquiries have
been included in Item 1 above.

Assist with media programs to educate and inform area
residents *
It is expected that ADHS will assist local television
and newspaper staff in the preparation of three public
information programs/articles during the RI/FS.
Community Relations Specialist

24 hrs each program x 3
Graphics support

B hrs each program x 3
6. Public meetings.

72 hrs

24 hrs

Public meetings will be held at the conclusion of the
remedial investigation and the feasibility study phases.
Meeting notices will be distributed to interested groups/
citizens, and local officials.

Community Relations Specialist
16 hrs x 2 meetings

Graphics support
24 hrs x 2 meetings

32 hrs

48 hrs
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7. - Briefings of local officials.
Local official briefings will generally be conducted by
the project manager and are included in the technical
program budget. Assistance provided by the Community
Relations Specialist has been included in Item 1 above.

8. Press releases and briefings.

Press releases will be issued at appropriate times dur-
ing the. RI/FS. It is expected that five press releases
will be issued during the project. Two press briefings
will be held to coincide with completion of the
remedial investigation and feasibility study phases.

Community Relations Specialist
3 hrs/press release x 5 15 hrs
5 hrs/press briefing x 2 10 hrs

9. Fact sheets.

It is expected that six fact sheets will be prepared
during the RI/FS.

* Community Relations Specialist
9 hrs per fact -sheet x 6 54 hrs

I 10. Telephone survey.
Three telephone surveys will be conducted during the
RI/FS. These will be conducted at the Tucson field
investigation office.

Community Relations Specialist
9 hrs per survey x 3 27 hrs

11. Mailing list.
The current mailing list will be updated at the outset
of the RI/FS. It will be revised as necessary during
the study.
Community Relations Specialist

10 hrs 10 hrs

Personnel Allocation Summary
Community Relations Specialist

Total: 538 hrs
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Graphics support

Total: 78 hrs

5.0 BUDGET

1 For the purposes of this budget, salary rate assumptions
have been made based on discussions with ADHS. The follow-
ing hourly wage rates are used for each personnel elassi-

*• fication:

Community Relations Specialist $10.35/hr
Graphics support $15.00/hr

I*• Overheads were determined based on ADHS July 1, 1983, rates:

I Fringe benefits 21.14%
Indirect costs 31.7

Salaries
* Community Relations Specialist

538 hrs x $10.35/hr $ 5,568.30

1 Graphics, outside professional
service, and printing support

„ 78 hrs x $15.00/hr 1,170.00

Total salaries $ 6,738.30

Overheads

Fringes
$5,568 x 21.14% $ l.,177.08

Indirect (salary + fringe)
$6,745 x 31.7% 2,138.29

Total overheads $ 3,315.37

Other Direct Costs
. Reproduction and supplies $ 2,500.00
Travel costs 1,464.00

Total other direct costs $ 3,964.00

Budget Summary

, Salaries $ 6,738.30
Overheads 315.37
Other direct costs 3,964.00
Total $14,017.67
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TUCSON ACTIVITIES SCHEDULE
COMMUNITY KELATIONS

* Develop Nailing List

* Establish Repositories

• TCE Update

* Press Release

• Press Briefings

• Elected Official
Briefings

* Fact Sheets

• Public Meeting

* Office Annoimceraent

• Review CUP

!nix

*

•

As Heeded
*

Aa Heeded

As Appropriate
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Tucson, AZ 85716

Priscilla Robinson
Southwest Environmental Scrviciw
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Tucson, AZ 05702 1

Lois Kulakowski
League of Women voters
4560 E. Broadway Room 17
Tucson, AZ 05711

Tres English
Sierra Club
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Alex Dely
Bertram Russell Society
6150 E. 31st
.Tucson, AZ 85711

Patty Overall
Junior League
3120 W. Via Celeste
Tucson, AZ 05718

The Honorable Morris Udall
The U. S. House of Represer.tativ
235 Cannon House Office
Washington O.C. 20515

The Honorable John McCain
The U.S. HOUSP of Representative
1123 longworth House Offico 2ui'.-
Washington D.C. 20515

The llonoroble Jim HcMulty
The U. S. House of lleprcsc'-i..-- :
1338 Longworth House Office l::i' • '
Washington D.C. 205 lb

•; The Honorable Dennis UeConcir.i
United States Senate
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The Honorable Barry fi
United States Senate
337 Russell Senate Office Bui.c;
Washington D.C. 20510-

Senator Usdane
Senator Mawhinney
Senator Lunn
Senator Kolbe
Senator Hill
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Representative De Long
Representative Morales
Representative Messinger
Representative Skelly
Tucson Lobbyist, Bill Sheldor.
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Patricia A.,Nolen
Director
Pima County Health Oept.
151 W. Congress
Tucson 85701

Jack Hensley
Pima County Health Sept.
151 W, Congress
Tucson 35701

Tom MiIton-Goddard
Office of the Governor
1700 W. Washington
Phoenix 85007

M. F. McNulty
ADWR
99 E. Virginia
Phoenix 85004

Torn Swanson
Executive Director
P1ma Association of Governments
405 S. Transamerica Oldg.
Suite 411
Tucson 85701

Terry Turner
ADWR
99 E. Virginia
Phoen-ix S5004

Carol Dorsey, PAG
405 Transamerica Bldg,
Tucson, AS 85701

Pima County Board of Supervisors
131 w. Washington ilth Floor
Tucson, AZ 85701

Pima County 33oard of Health
c/o Pat Nolan, Director
Pima. County Health Dept.
151 '̂ . Congress
Tucson, A2 85701

Mayor and City Council
Box 27210
Tucson, AZ 85726

William Ealy, Dep. City :•>.
Box 27210
Tucson, A2 85726

T.J, Harrison
City Attorney's Office
P. 0. Box 27230
Tucson S5726

Jrank Brooks, Directs:
Tucson Water
City of Tucson
P. 0. Box 27210
Tucson, Arizona, 8572S

R. Mclntosh
IBM
General Production Division
Tucson 85744

Ron Eagan
Arizona Air National Guard, C.E.
P.O. Box 11037
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Bruce Johnson
Tucson Water
P. 0. Box 27210
Tucson 85726

Tom Jefferson
Tucson Water
P, 0. Box 27210
Tucson 85726
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Lt. Gen. Robert M. Bond
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Andrews AFB, MD 20334.

Gordon Ginsburg
Brigadier General, USAF
Staff Oudge Advocate
HQ/AFSC
Andrews AFB, MD 20334

Col. T. J. Lewis
HQ Air Force Systems Command
DCS Engineering & Services
Andrews AFB, MD 20334

Barry Hatfield, Chief
Facilities Mgmt. Division
Air Force ASD/PMDA
Wright Patterson AFB, OH 45433

Capt. Christopher Kernan
HQ/AFSC/JAM
Andrews AFB, Maryland 20334

Major Keith Roberts
AFPRO - Hughes Aircraft/JA
P. 0. Box 92463
Los Angeles, CA 90009

Charles Alford
Environmental Program Manager
Air Force ASD/PMDA
Wright-Patterson AF8, Ohio 15433

John Deummel
HQ AFSC/PAM
Andrews AFB, Maryland 20334

Maj. Stephen Termaath
Air Force & Engng. & Serv. Ctr.
Tyndall AFB, Florida 32403

Bernard Lindenburg
Hazardous Waste Program
Air Force Engng. & Services •
Tyndall AFB, .Florida 32403

L. F. Boyd
ASD/DEI
Wright-Patterson AFB
Ohio 45433

Mr. A. H. J. Meuller
Vice President
Manager, Manufacturing
Hughes'Aircraft Company
P. 0. Box 11337
Tucson 85734

E. K. Spaulding
Environmental Health & Safe4
Hughes Aircraft Company
P. 0. Box 11337
Tucson 85734

Environment. Health & Safety
Huqhes Aircraft Company
P. 0. Box 11337
Tucson 85734

David R- Hargis
Hargis L Montgomery
Consultants in Hydrogeology
1735 E. Ft. Lowell
Tucson 85719

David L. Mulliken
Latham and Watkins
Suite 2100, 701 B Street
San Diego, CA 92101
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Subtotal

Profit

Subtotal

Bond

Snhtntal

Sales Tax

Subtotal

MAC Enqineering (Administration)

Subtotal

Continqencv Allowance

Subtotal

Engineering Start-up ar^d Shake Down

Total Project Cost

10X

102

1%

ttnf fiS*

n

UAl
UNIT PBCE

EIULS
AMOUNT UNIT MM

l(
TOTAL M.H

till
MTE AMOUNT

tui-c
ami PRICE

OMtRACT
AMOUNT

•

TOTAL

>,642,?2?,0n
54U380.00

1,1^,60? nn

3ifl^%n,no
l»ML9fiZ.OO

_25IU.ia&.00

jjjs^risa. oo
' '

38,522 00

a^a3Q»fiaa.oo
ioi,i5R.nn

3.991, RM.nn
279.431.00

4,?71,?69.00

25 T 000. 00

uis&^aa.oo
25,000.00

U 32 1.269. 0.0

Ul
(—— k

CO



Table 16
ESTIMATE DETAILS

PftOJECT:.
A.f.P.INDUSTRIAL USE

ESTIMATE MO.
SHEET MO _ .1 of 3

D. Bloxham
CHECKfOOT: .D*tE:

OESCHW0N

MECHANICAL

6" 0 Pioe
6" 0 Elbows 90°
6" I
6" 1
611 '

8 Tees
Buttefly Valve

9 ;neck Valve
6" 0 Flange
6"0— fftr*
6" 1

flex Connection r „„, T. ._.... ...
? to. 4" 0 Reducers '
I Flow Meter

Pumps. 310 GPM 5 HP
Thrust Blocks
Excavation 400' 4' x 6'

""Back Fill "" ' " . " • • - - - - — - -

ROAu CROSSINGS
Cross Gravel Road 2
Cross Asohali Road 1

Structural

Pence & Slab

"SUBTOTAL

OUANTITT

...400...,.
,....,12-.,,.

_..„..,...,. I ..,
.. ....5., .....

3
32 '
, 4

4
1

2
12

m yds.
356 yds.

......50 .... ...
60

2 „„„„

MA1EIIALI
UNIT PRICE

__SJQQ
78.00

110,00
150.00
220.00
35.00

^QJLQQ
.. ffl,go
2^25JQC

1,553,05
,,,3B.ff

JJ1_
,48

.75
3.64

..,.,, 5Q_

AMOUNT

_fimoa
936.00
230.00
750.QO
660.00

1,120.00
BtM.OO
312,OQ

. ?,5?5.flO

1.553.00
4?n.m

.....J02.00,
., ..17.1.QQ

3R.m
218.00

100.00

l»M»
UNTTMM

... .67 .
2.67

4
8

,„„„„ , .,8..,,.
4

„„„„„„„ ,,,6,,,,,
,,2.67

,9.?3
17.2
3

.04
,14

.. , ;43 .

,,,J,41,,,.,

'" 3""

TOTM.WH.

m.&
.. a

..,..40..,
24

.,..]»..,n
11

q.?1

34.4
•«
14
«*i

,_ j
26.

6

MATE

71.34
2£LSa,
?0.5R
PO.K
ffl,58
21.34
2QJ8_
2QJ58
20.58

20.50
18,34
35.13
,̂11

i4l.«J
41.90

38.89

AMOUNT

5,7ROn
659,00

,_,lffi.DO...
{323,00
494.00

,,2,732.00
494.00
226.00
1.90,09

ZIEOQ .
660,00
49?.m

_OI25Z.OO-

922.00
1,083,00. .

234.03

IUI COmiACT
UNIT PRICE

————

AMOUNT TDTAl

14.519.00
-U595JXL, m.m
. 1,573.00

1,154.00
^jfifi^.m

,.1,?94.C10
. . . . 53R,m^SISJXL
, 2,261.00
_UQEjQjQQ_

, KW.Of) •
-0,̂ 8.00-

_ 9SLQQ_
1,307,00

334.0Q

36,189.00. CH
r— 4



Table

ESTIMATE DETAILS
PROJECT:
ACCOUNT:~A.FI P. INDUSTRIAL USE. ESTMATENO..

SHeETHO__ 2 Of 3
: D. R1 nxham

CHECKED BY:
. DATE 1Q/lfty«4
.DATE.________

OESCIIHIOM

HECt&iCAt
11 Pump site grounding, lighting,

security, telephone, computer FPU
Tnt.al nf ( 1) ln.ratinn<;

#2 Pump variable freqgency
drive equipment, enclosure
ptr. r,O(nplptp total nf
( 1) unit's/lpc.ation$

•13 Site power for service entrance
and pump branch circuits tof?1
nf ( 1) Inratinn?

JA Power company .charges , for
delii/pry nf pnprgy tn <;itPS dt
480 volts 3 phase total of
( 11 locations.

JJ5 Telephone company charges for
delivery of .service to
sit.PS total nf (1) Inr^tinnc

'

Subtotal

QUANTITY MM
UNIT PflKE

ERULI
AMOUNT UNTTU.H

U
TOTAL UH.

Ul«
RATE AMOUNT

8UI-C
UNIT PRICE

OMTRACI
AMOUNT TOTAL

11.100.00

33.500.00

.

3,000.00

5,000.00

.i.nnn.nn

•

cn
53,600.00 r-*01



Table

ESTIMATE DETAILS
PflOSCT

"INDUSTRIAL USE

ESTUATEMO
SMKINO

1.Q/.1B/84
CHiCK£DBY: . DA1E

OEICIIPTiatt

Subtotal from 1 of 3
Subtotal from I of 3

Subtotal
Overhead . ._ , .__ .

Subtotal

profit

Subtotal

.Bond....,,....,.. _ ,_. _ .,„.., ,., ,,„.. ............ ....... ... _ ..— .
yihtnt-al

S^IPS Tax

Subtotal

MAC Enaineering (Administration)

Subtotal

Continqency Allowance

Subtotal .

Enaineerinq Start -up and S.hakfi._0.(»m__

Total Project Cost

QUANTITY

101..

ins ,

l%

4%af fif>%

7X . ,

MAT
UNIT mix

EIULI
AMOUNT UMTMH

LJ
TOTAL MM

tIM
MTE AMOUNT

tui-c
win PRICE

OHTRACT
AMOUNT

T8TAL

36,189,00
.̂ MUK)
89,789.00

8,579.00

JLifeoo
_JL,BZ:LDO
108^645^0

1,086,00

ijQa^zajLQo
2.853.00

112, 584.. 00

7,881.00

120,465.00

5,ooo.on
125,465.00

5fOOQtOO

30,465.00

Ol



Table §7

ESTIMATE DETAILS
PROJECT: _
«CCOUNT:_ INDUSTRIAL USE BY ASARCO COPPER MINE

ESTIMATE NO
SHEET NO__L O f d

D. Bloxham
CHECKIDBY:

DATE: 10/18/84

.DATE:_______

DESCRIPTION

MECHANICAL
.18" 0 Pine
18" 0 E bows 900
18" 0 E bows 450
18" 0 Tees
JR« d Butterfly Valves
lft» C Check Valve
8"J Flanges
8!' 0 x 12" 0 Reducers

_J2" 0 Pine
2" 0 Elbows 90"
2" C Butterflv Valves

_J2" C Check Valves
2" 0 Flange
2" 8 Reducers

12" 0 Flex Connectors

18" 0 Flow Meter
Pumps 1755 GPH 150 H, P.
Thrust Blocks
Excavation 71,0fin Ft. 4'xfi1

__Back Fill

Road Crossings,
Old Nogalps Highway —————————————

_B_orina Beneath R.R. 'rackscross El Paso Natura Gas Line (1)
Cross Santa Cruz River 1)
Cross Asphalt 2 Lane Roads 10)
Cross Grave Roads (.10)

ARCHITECTURAL

_ $_lah<; and Fenrps

SIIBTOTAI

QUANTITY

71.060'
, 25

5
16
1
'
i

2'

100'
20
24
12
96 .
24
24

1
12
50

RUffi
KUffi

yd^l>

60'
3D1

i?r
150

ROO

1

•
'
'

15 yards

MATERIALS
UNIT nocE

25.50
470 OC
530.00
625.00

3,195.00
5 060 OC

225.0C
310.00

24*00
335.00
430.00

1,17!n(X
160.0T

Ltt
3K-.OC

9.618, OC
24SOJK

35
1.13
.48

2.119
*

.1
Ii
b

.75
3,56.

. . . J 5

50

AMOUNT

1,812,030.0)
11,750X1

. 2,650.01.laoooa
3.195.Q
5.&60.Q
900.00

.7.44Xa

2,400.0(
ejoaoo

10,320̂
14,100,OC
15.3fiO.tt
4,800.a
8.400.0C

9,610,00
299,400,00

1,750.00
71,S7fi.m
30,319.00

m-
1050

90
113.

1820
375

800,00

LAItft
IMTMM

.6

24
24
36
10
10
12
24

1-6
...4
. 14.12
14,12,.
5.33

10.67
14..12

14,5
17.?

3
.04
.14

.43 •
9.1
.4
i

,i
3
*

,43

3

TOTAL M.H.

42,636
. WO

120
576
10
10
48

576

1W
80

339
169
512
256
339

14,5
206
150

2.527
8,R43

26
?74
52
65

215 ,
215

48

HATE

20.98
20,9?
20.98
20.98
20.58
P0.5F
20,98
20.98

20,98

2QJ2
20,55
20.98
20.98

_2QJ3

20.58
?0.9R
1B.34

$.13

41.9(1
3 ?7

JLJ8
41,90
41.90
41.90

38.R9

AMOUNT

894,503.03
12,538,00
2,518.00

12,085.00
206.00
206.00

1.007.00
12.035.00

3.357.00
1,678.00

... 6,977.00
3,478-00

10,742.00
5,371.00
7.112.00

229.00
4.3?? .00
2.751.00

88,774.00
31Q,fi55.00

1,089.00
ft Sf$ QO
2,178.00

. 2,724.00
9,009.00

.. 9,009.00

. 907,00
,

SUI-COMTRACT
UNIT PRICE AMOUNT

,

TOTAL

2,706,533.00
24,338.00
5,168.00

22,035.00
3,401.00
6,066,00
1,907.00

19,525.00

... 5,757.00
8,378.00

17,297,00
17,578.00
26,102.00
10,171.00

__ 15.5J2JM

.... .9,917.00
303,722.00

4,501.00
160.150.00
340.974.00

1,262.00
9,618.00
2,269,00
2.837.00
lfl,8?9.on
9.3R4.00

1,707.00

3,746,988.00
————— icni—*

-si



Table

ESTIMATE DETAILS
P«OJSCT:_____________________________________
MBOUNT: INDUSTRIAL USE BY ASARCO COPPFR MfNF

E9TMATENO..
SHEET MO_____2 Of 3

JL. 10/1 a/ft.4
, DAT6

BEICIIfllOK

feLKTRICAL

f I Pump site grounding, lighting,
security, telephone, computer FPU
TOMI of (4) Inrafrion?

0? Pump variable frequency
. ... drive equi pment. end osure ... ,.„,„ ... .

(4) units/locations

S3 Site power for service entrance, „
..,,,. ..and. pump .branch ,ca rcul ts total..- .„.._..

nf (4) l^c^infis __

..J4. Power tfwipany charges for . „ , _ . ,
fjfli.ypry nf ppprgy tp sites at
480 yo]ts 3 phase total of
(4L locations^ .._„—.. ._

|5 Telephone company .charges, for -
delivery ot spr«ifp to
sites total ,of -,(4.) JocatJons,

"Subtotal •

HAT
UMT PRICE

EIIAIS
AMOUNT

.

UNITMH.
Li

TOTAL MH.
•••

HATE AMOUNT
IUIC

UNIT PRICE
ONTIIACT

AMOUNT
TOTAL

61,800.00

33IL3.5CLOO

i24J}QOO

-JJUMJQO

5,000^0

[A3J ^

r
CJ1
j—»

CO



Table j?7

ESTIMATE DETAILS
PROJECT: _________________________

INDUSTRIAL USE BY ftSftRCQ COPPER MINE ESTMATENO_
SHEET *>,__
pflEPAKOBV:
CHECKED »V:_

Of 3
•D.- Bloxham- . DATE .1Q/.18/84

. OA1E ________

OEIMIMIdH

Subtotal f roin 1 of 3
Subtotal from 2 qf 3

Suhrotal

Qyprhead

Subtotal

Profit

Subtotal

Rnnri

Subtotal

5^1es Tax

Subtotal

HAC Enqineerinq (Administration)

Subtotal

Contingency Allowance

Subtotal

Engineering Start -up and Shake Down

Total Pro.iect Cost

QUANTITY

1G£
*

10«

]%

4lnf fifft

n

MATEIIALI
UNIT PRICE AMOUNT

Ulll
IMTU.H. TOTMLMH. RATE AMOUNT

tUI-COMmCT
UMT PRICE AMOUNT '

.

TOTAL

3,746, qfiR. on
451,150.00

4.198,138.00

419,814,00

4.617,952.00

461,795.00

L..Q7.£U£LOO

50.797.00

Lj.2QJi4A.00

. 133,394;00

i ,?(;•), Q3R.no
368.476.00

5, 63?, 414. fin

25,000.00

5,657,414.00

25, 000. On

5., 682,414.00

_ , . , _ . . "S

————— - Ul
i—»

—————— C£J



Table
ESTIMATE DETAILS

moiKT: IRRIGATION BY FARMERS INVESTMENT CO. E&TMATE »O
ACCOUNT:. SHJETHO I Of 3

: P. Bloxham
CHECKED BY: .DATE:

BESCIIHtOtt

MtCHANitAl
18" 0 Pipe
8" ! Elbows 9£
8" 0 tlbcws 45^
8" J x 12" 0 Reducers
8" 0 Butterfly Valve
8" 0 Check Valve
8" J Tee
ffr \ Flaw "' ' ' ' ' " '

12'! 0 Pipe
12" 0 Elbow 90°
ir0Flanaes
12" 0. Reducers
12" 0 Butterfly Valves
12" 0 Check Valve
12" 0 Flex Connection "" • =

18" 0 Flow Meter
Pimps 2345 GPM 150 W
Thnist Blocks
Excavation 117,375 4' x 6'
Back Fill

"KUAU LmSlNGii
? -Lans,Aspliault payed Rnnrh (15J ... ..,_., ,-
ras<; frirt Rnack (Q\

Cross :i oasa Natural Gas Lire ( 1)

ARCHITECTURAL
Slabs and Fence

-S'UBIOTAL""" """ '"""" " " "" "~~ " """

HMIItT

1.17,375'
7

7? L
1

„ „ „ „ „ , „ , „ 1,,. ......

„„„ „„ . 4 .
3.6QQ'

fin
324

.„„,. 72, ,.„.„.
, ,72 „

„„„,.,. 36,,,,, ...

1. .......
..... .,3fi_,...

39
1M.333 yds.
1», 333 yds

750'
,450.' .......

« yds,

M&fEIIALS
UNIT PRICE

25,50
53aoo

.3in.oo
.A86Q.OC

yfisn

24,00
,335.00
iffi.m

430.00
XJ25JB

9J16.0C

35^
1.13,,.

.48

. 2,89
,, ,75.
... .75,

50.00

AMOUNT

? <fn np fi
1̂ 72001
.3.7JQJK
,3,195,OC

^0 OJXXff
90(1 (X1

86,400. [y
?n,inati
14 4ffL(X
30 -96Q,fl(
4? "¥B,(T. 25"mo
9,716.0

1 36R.OT!
117 ggg^
50*000.00

? iffl orma90 JT

.2,400,00

LAIII
UMTMH

6^
_~24__

24
24

.....10,.,,,.,,,,.,.,;o ,„,,„
12

l,fi
4

5.33
10.67
14tl2.
14.12
1112.

_J4«5™™-
.....17.2,,

3
.04
.14

,„„„„„.«„„
...,..«,,

.43

1

TOTAL M.H.

70,4?5
1,824

IfiB
1.728

1Q
10

4:1

,,5,7ffl,.
240

1,7?7
769

1.017
,„„„„, ,,509,,,.

1,017

14.S

IIL
JLEL.
14.607

V^
,„„„„„ 194,,
„ „ „ . „ ,K,.

144

RATE

20L3L.
20.98
20.98
20.98

.2(L5Bj
2QJS.
20.!8

-2CL9S.
PO.flfl

20,98
PO.ffl
pp^qR

Pfl.'fl

18̂ 31.
35J3..
35,13

41,90
41 .90
41.93

,3ELffl_

AMOUNT

1.477.517JOC
38.268jQ(
3S5.QOJ

. 206,m

.... ,.3B,J!53JX
1,007,00

120J845.00
5.035.00

.....ieima
1Q 476 OQ

_2U3LQ[

.299.00
12,987.00

.,2,146,00

513 144 OTl

13,534.00
8.129,00

.. .,2.179,00

5,601.00

SUI-COH1IACT
UNIT PRICE AMOUNT

1

10UI

4,470,580.00
73.93H.OO

58,574.00
____ -j /JQJJ]Q

6,066.00

1,907,00

'25,135,00

30;534,QO
51.890.00
.5?,7fifi.tn

10,015.00
1,0)11)07.00

3,511,00
254.494.00
563.224.03

fi,7Q2.QQ
8,457.0)
2,269.01)

8.001 .00

—————— C
. — .... — ,„_._ „..- r
^QMig&UIJ c

yi
1X5
o



Table #8

PflOJECT:.
WXMUNT:.

ESTIMATE DETAILS
IRRIGATION BY FARMERS INVESTMENT CO. ESTMATENO..

SHEET NO____2_Qf__3_
MffiPAKOBV: D.
CHECKED »Y: .DATE:

OHCIIPTIOB

ELECTRICAL
11 Puro site grounding, lighting, security.
telephony computer Eft]

'Total of (12) Locations

fe Pinp variable frequency dirve equipnent
enclosure ect. ccrolete total of (12) units
locations.

13 Site power for service entrance and purp
branch circuits total of (12) locations

#4 Power corpanv charges for delivery on
energy to site? at 480 volts 3 phase total
of (12) locations

#5 Telephone carpany charges for delivery nf
service to sites total nf (1?) Inrnt.ims

SUBTOTAL

QUANTITY NATtRiALS
UNIT PRICE AMOUNT

LAM*
IMTM.K TOTAL MM. MATE AMOUNT

•

IUB-CONTIUCT
UNIT PRICE AMOUNT

TOTAL

185.4CO.OO

991,000.00

7?,om.m

gn.nm.m

1.500.03

.
cr

.... IN:
.,...,. ..— i-«

1.339. 900. no



Table #8

ESTtMATE DETAILS
PROJECT:„
uxowr. •"SYSTEM

JBR16ATIQN SYSTEM BY FARMERS INVESTMENT CO
3 of 3

CHKHlDVt:
DATElU/18/84

.OATE:_______

DEicurfiai

SUBTOTAL FROM 1 of 2
SUBTOTAL FROM 2 of 3

JSIIRTQTAL

OVERHEAD

SUBTOTAL

PROFIT

SUBTOTAL

RONF) ,.,,...,„..

SUBTOTAL , , . . . , . , . . , . .

SALES. TAX

SUBTOTAL

MAC ENGINEERING (ADMINISTRATION)

SI.IBIDI&1 _____________________

CONTINGENCY ALLOWANCE
_SliBJOTAL ,„„„......,..„...,..„„...,.. . ., ....

ENGINEERING START-UP AND SHAKE DOWN

_jmfiLlMdECL£OSI ________

QUANTITY

103?

10%

1%

4% of 65X

1%

MAT
UNIT PRICE

MIAll
AMOUNT IMTM.H.

,

11
TOIM.M.H

III
HATf AMOUNT

SUI-C
UMITPfUCE

OHTRACT
AMOUNT

TOTAL

•7,066,833:00
1.339,900.00

8,406,783.00

8®»672.00

9,247,461,00
924,746.00

10,172,207,00

101,723,00

10.273»930.00

267,̂ .00 '

10,541,052.00

737,833,00

11,278,925.00

.100,000.00

11,378,925,00 ,
8

50.000.00 !

11,428.925.00

![Z__™ i
c
b



ESTIMATE DETAILS
Table 09

PflOJECT:
IRRIGATION BY PAPAGO INDIANS SMEETHD 1 Of ;

MEP/tteBBV: 0. Bloxham
CHECKED IV:

nME 10/1 8/84
OAtEl

DESCRIPTION

MtLHANlLAL
8" |
8" I
8" 1

3 Pi
3 El

pe
sows 90"

3 Elbows <
8" 0 Butterf

18" i
18" i

5°
v Valve

1 Check Valve
1 Flanges

18" 0 Tee
18" f1 X

12" 0 Pi
12" 0 El
1?" tifn

12" 0
pe

Reducer

>ows 90"
Butterfly Valve
Check Valve

12" 0 Flanae
12" 0 Flex Connection

18" B Flow Meter
Pumps 23'
Thrust B

2 GPM 150 HP
ocks

Excavation
Back Fil

ROAD ...CROSSINGS
Old Noqales Hinhwav (1}
Boring &

_£rnss"Fl
ross

Casing Rpnoath B..B — Tracks ——
PACO Natural Rac 1)

Dirt Roads 5
_fT.rnss Sarrfra fjriiT Riupr • 1

ARCHITECTURAL

.Slabs S Fence . (2

"SUBIUIAL

QUANTITY

32,391'
24
1

<
10
16

40'
14
16

,,f
112
16

1
fl

12
?firOOOvds
26.00C vds

, fiOL

120'
50'

150'

8

MATERIAL!
UNIT PRICE

, P5.50
470.00
530.00

5,860.00
225,«
625.00
3in.m
24.0C

335,0(
430 _m

1,175.00
2?4.00

9J&EQ.
?7,445.(T[

35
1,13

? flQ
.35
.75
.75
.75

50.00

AMOUNT

825,970,00
11.280.00

ran.m
19*> no

5,860.00
SO). no

6,250.00
a.omm

960.03
4iP,

;on \
xJU.

i)
JO

9,400.00
25,Offi.OQ
*JsmiY>

_9jifi.m
sm m
4 )̂.m

12
.w
fflO

m
(10

2 1/3. mimvx)
38.

113.

IK)
W
on

4m m

UIIR
UWTWM.

,6
24
24
10
10
12- .

5
, ?4

1,6
4

14.12
14
S

14

14
17

.1?
•n
i?.
s
\

..04
.4 .

43
9. 4
.43
.43

•̂

TOTMLUH.

19.435
576
24

, in
10

3m
384

, W

226

•507
2?6

U.̂
138

vm
3M1

?fi
54fl
5?
22
65. .-.

24

MTC

20.%
_2iL9JL
20.98
?0.58

t$
20 98
20.98
20,98

20.98
20 98
20.58
?n w
?0.98
?n <K

PO.fifi
K

18.34
35.
•^*

3

41.90
31 ?7
41.9(1

41.90

38.89

AMOUNT

1®',745.00
12,085.00

42.00
.206.00.

1,017, m
7.553.00
8.056.00

1.343.00

/
.175,00
,651.00,

2,326.00
i?.s».m

—&.?d? m

?QQ 00
P.895.00

660.00
36,535.00 .

127.873.00

i.nftqm
17

i

136 00
.179.00.
922,00

,724.00

933.00

SUI-COHTRACT
UNIT PRICE AMOUNT

.

TOTAL

1,233,715.00
23t3ffi.OO

572.00
•j /HLDO
6,066.00
1.907.00
c.e
J,C

Q3J»
16.00

_2JQ3JDO
5.865.00

11.531.00
11,726.00
37,613.00
10,342,00

10,015.00
WM55.00

UDHLDO '
65,915.00

140,353.00

,262.00
T9,236.00
2,269.00

960.00
2,837,0)

i

,

"1 0̂.00 '.

1,842,940.00 tn
CO



Table 19

ESTIMATE DETAILS
PROJECT:

IRRIGATION BY PAPAGO INDIANS
ESTMATt MO.__________
SHEET NO_____2 Of 3

: []„ . OM6 JjQ/lBZM

ocsciirTtBn
tCRftOCAi
f) Pump site grounding, lighting,

security* telephone, computer FPIJ

#? Pump variable frequency
drive equipn^nt! enclosure

_. etc._ r.nmpl*»t*» rntal. (if

#3 Site power for service entrance
„ and pump .hranch circuits total ...,,.

. _ ..nf (2) ..locations ,.„.. . , _ , . , . . „ . . .

#4 Power r.nmpany ch^rrji»«: fijr _..... .......
......delivery, nf energy to sites at... _ -

480 volts 3 phase total of .

|5 Telephone company charqes for
deli very,, of service to __._ ___
Sites total pf ....{. 2) Jncatiftr)$. ...... _. ......

"Subtotal

MAT
UNIT PRICE

EIIAlt
AUOOHT UNTMH

LI
TQTM.MH

till
tIATf AMOUNT

IUI C
UNIT PRICE

OHTRACT
AMOUNT TOTAL

30.900.00

165,200̂ 00
'

i
i

12,000.00

,

15,000.00 ,
————— . |
————— |

-« ——————— — .w ————— )

i
i
!

————— j

225.600,00 i.
.T * fji(_____________. Q|

<—————— —— fV)



Table 19

ESTIMATE DETAILS
PROJECT:________
•CCOUNT:.__SYSTEM

IRRIGATION BY PAPA6Q INDIANS

ESTMATENO_
SHEET HO__
PREPARED BY:
CHECKEDBY: _

3 nf
D.-Bioxham- .DATE in/IB/84

.DATE _______

DESCIifTIOM

Subtotal from 1 of 3
SuMQtal from 2 of 3

Sn'hf-nf-al

Overhead

Subtotal

Profit

Subtotal

Rnnri

•5nhtQtal

Sales Tax

Subtotal

MAC Enaineerina (Administration)

Subtotal

Continqencv Allowance

Subtotal

Enaineerina Start -up and Shake Down

Total Project Cost

QUANTITY

in%

in*

1*

A*nf fi5*

n

MAT
UNIT croce

iRIALS
AMOUNT UNTTM.H

LI
TOTAL W.H.

llli
RATE AMOUNT

iuic
UNIT PRICE

OMTRAC1
AMOUNT

TOTAL

1.842.940.00
225,600.00

?,nfifTR4n nn

__2M*B54.00

2-, 2I5_J34.00""
,-227,539.00

2,502.933.00

25,029.00

2,527.962.00

65,727.00

2*5aa»fiaa.oo
.181,558.00

2,775,247.00

25.000.00

2̂ 100̂ 241,00

20.000.00

2,820,247.00

c———— <
c
en



Table 110

ESTIMATE DETAILS
PROJECT .____________________________

.nrn.mT- GOLF COURSE IRRIGATION
ESTMATEHO

CHEC*£D»Y:

1 0
a*:0.

:,3,,,,,, . .
Jloxbam OA« 10/18/84

•V: ., , DATE:

a. _ ......... . . . . .

MECHANICAL
J5" 0 Pipe P V C
6" 0 Elbow Q0d P.V.C.
fi» 0 Flhnw ffiu P.VT..
6" (8 Butterfly Valve
6" 0 Check Valve
6"0Tee P.V,C.
f'gFlange.P.V.C,, .. ..,..,,.,..
6" 0 Flex Connection
6" 3 x 4" 0 Reducers P.V.C.
6" 8 Flow Meter

Pumos 310 GPM 25 HP
Thrust Blocks
Excavation
Backfill

ROAD CROSSINGS ...._.
Bore ECasings un'der R.R. Tracks (31
Bore under 1-10 ( l)
Cross Benson Highway (tl
Cross El Paso Natural Qas Line (2)
Cross 2 lane asphalt road on base 1101
Cross 2 lane asphalt road off base (10

ARCHITECTURAL
Slab and Fence 18)*

""'"SUBTOTAL" """""""" " ••""-•• -—

120,475' .
._,.1(2., ...8

53
.,,,,20 .„.,..,,,

18 . . . _ _ _
Iffl ....

•6
36

„„„„ „ I

18 .
30

1D6JS_5J1D_
10&,025,00 .

.

180'
60'
60'

240'
500' ..

24

HAT
UNIT PMCE

,5,71
4,59

,13.45
1SJ.OO
220,00

. ,,.,21 .„, „„,
, , „ „ „ 15 ,„„,„„„

200
21

2,32-uQQ

1.553,00

1 13
.48

35
35

2.89
75

2,89
2.89

50.00

ERIAll
AMOUNT

§87,912-00
4fi8 DO
108.00

5,700,00
378,00?,fi?n.m

7,200.0075G.ro
.2,325,00

27,954,00

JBJD.UQQ
JQ_8a_J-l

6.300
2,100

174 „„, . , „
180

L445,,. . . . . . .
1.445

1,200

UNTFMH

,21
.5
.5
8
8

,31
„„ .?5,,., „„

6
.31

9.23 '

.17.2
.... 3 ,„,,,

,14

0. I

9- t

,-43 .,„„„„
,43
.43
.43 ,„„.„

3

tl
TOTAL MR

-aJUL.
31

4 ,,,„
304

,160
„ „ „ & , ,
47

11
9.?3

310 .

; 4,241
14,844

L645,,,
548
26,

, 215.....
915.

...,72

•••
BATE

1.HH
9.«b

19,85

20,98
19,fi5
19.85
19.85
ISjiM

20,iJB
18.3$
35-13
35.13

ffl.PU

4i,w
41. 1)
'I.1!)
<1,9(!

jam

AMOUNT
tfft pffj (]p

1,012.00
80.00

6,378.00
3.357.00

11R.OQ
4.504.00

218.00
,„„„„ 193,00

6.5M.QO
1,651.00

148,986.00
J2LMUXL

51,445.00
,17.136.00

l.QSQJXL
4f316.00
9,009.00
9.009.00

?,80D.OQ

IUIC
UMiT PRICE

OHT-ACT
AMOUNT

TOTAL

jjaijJLDo
1,480,00

1R8.00
,,,12,078,00

7.757.00
§JX)

JO
,11.704.00

974.00
2,518.01)

34.458.00
2,701.00

__2fiB>2_¥LDO
572, 36?, QO

57,745.00
...J.a,2».QO

,1,264.00
4,496.00

10.454.00
,10,454.00

4,00.00

TTiTl̂ Sf],4a



Table #10

ESTIMATE DETAILS

GOLF COURSE IRRIGATION
E9TMATENO .
SHEET *>__ 2 Of 3

D. Rlpxham
CHECKED §Y:

. DATE 1Q/18/R4

. DATE _____'

OEICIirTIOM

ELECTRICAL

#1 Pump site 9fOMifli"gi lighting,
security, telephone, computer FPU
Total Of (8) lnrafinn«i

#2 Pump variable frequency
(Jrive equipment, enclosnrp
ptr rnmn1pt;p fntal pf
(8) units/loration?

#3 Site power for service entrance
_ , and .pump hranrh r.irciiits total .,

. .nf (8). locations , . . , , , . ,

H Pnwpr company, charges for ,, .
riplivpry nf ppprny to 5itpS at
480 volts 3 phase total of
( °1 locations..... , . , . . , . . . .

#5 Telephone company changes for
delivery nf servirp to
<tit.Ps total Of (8) lorations,

•'Subtotal

MAT
UNIT PRICE

EIIAlt
AMOUNT UMTM.K

11
TOTAL UH.

IBM
RATE

•

AMOUNT
SUI-C

UNIT PRICE
OHTMCT

AMOUNT TOTAL

123,600.00

311,900.0.0

•

.3-JQCLQO

JiOJlOJLjQO

10.000.00

•

':
•i

•\-
I

509,300.0001
JNO
<I



Table #10

ESTIMATE DETAILS

«KOUNT._ GUU COURSE MISAT ION •' ' " " '" '" " _ _ ,.,. »„ ,. SHEET Hp ,

., __ ,„,„,„ CMtCKtDBV- ..^

3 of
— -D~~ B4

3,
OAfF

naif
1o/ig/B4

GESCRIPTiei
Subtotal from 1 of 3

..Subtotal .from 2 of 3
.Subtotal

Overhead
Subtotal

Profit

Subtotal

Bowf

..Subtotal,, ,.„.,
S^lpS Tax _....... .. ._ . _....

Subtotal . _.
HAC Engineerino (AdminiSLtration)

Subtotal
Continqency Allowance

JSiihtata.1.. .,„.. .._.... ..,..-... . .,„,- -, ..
En^lrieerinq Start-up and Shaka JQwn,

Total Project Co$£ -
~ •" ' " ••••

_4-l»J -J

ti linn • v • •

in*

.... l(tt,.,.

_u _

Ataf 65X

.,.,,.71,,.,

MAT
UNIT PACE

MIAll
AMOUNT UMTMH

l«
TOTM.MH.

• II
fWtt AMOUNT

IUI C
UNIT PRICE

OMTH«CT
AMOUNT TOTAL

2,217,026J»
509.300.00

2J2U2£uflO
272,633.00

2,998,959.00

_m$LQQ
3»29e,ffiWB

3?,QR9,m
3,331,844.00

$.628,00

X41857ZJOQ

239,293.00

3TB57̂ B513D
25.000.00

ammjB
20,000.00

3.702,765.00

—11

1 ———————— fv
•01!ro!
QO



Table 111

PROJECT..
ACCOUNT.

ESTIMATE DETAILS
Recreational Water Use @ Park esnuAte NO

SHEET MO I Of 3
«»EPW«OBY. D. Bloxham
CHECKED BY: ____________

-OATElO/12/BA
.OA1E

OESCIIP1IOM

MECHANICAL
Ifl" 0 Pipe
18" 0 El how Qn
18" 0 Elbow 4^°
18" 0 Tee
18" x 12" Reducer
1R" 0 Rifttprfly Va1W(i

18" 0 Check Valve
1R" 0 Flangp
18" 0 Flow Meter

12" 0 Pipe
12" 0 Elbow 9n°
1211 0 x 6 " 0 Reducer
12" 0 Ruttprfly Valvp
1?" 0 Check Valve

• 12" 0 Flange

, Pumps 2345 fiPM 200 H. P.
T^r^Kfr Rlnrk^

— Excavation ——————————— : ————
Rack Fill

ROAD CROSSINGS
. Rnring ft Casing Under RR Tracks H)
_n_ld.,Nogales .Highway ,(!)..
_2Jane Asphalt Road (18
Cross I 19 Borinq & Casinq (1
f>oss Dirt Rnads (6)
Valencia (11
tlrpxpl (11

._Ajn. Road. ... ... _., ,1)_.
25th St. • (1)

ARCHITECTURAL SLAB
Slab & Fencing

., SUB.TOTAL ,

55.440'

4
12
18
1
1
4
1

,.120
15
18
1R
9
fi .,

72

- 9 .
11 349,280 YdSg

180'
900'
60'

300'
.60'
60'

- BO-
60 '

12

MM
UNIT PRICE

25.50
47n.no
R3n on
625.00
310.00

3 195 00
5,Hin.m
22^ 00

9 618 00*
24.00

335 00
200.00
43n.nn
.175.00
350.00
160,00

36.242.0C
35
1,13

35
2.89
3 64

35
.75

3 64
3.64
3-64
3.64

50

EflUU
AMOUNT

1, 413.tfn.nl

2 120 Ofr,5oo.oc
5, 580. Of
3 105.00
5,800.00

' 900. Ot
'

.2,880.01
5 025 0(
3:600.0(
7;74n nr

10.575.01
2,ROf1,fl(

*
326.1 81 .(X

385. 0(
55 686 0(
23 fi54 (If

fi,30n Of
173. 0(

..a^Tj&Jli
2,100.0(

225. 0(
218. 0(
?1R.O(
ZS..SH
218. 0(
218. 0(

600.01

UMTMH

.fi

24 ,
36
24
10
in
12

.14.5 -

. l.fi
4

10.67
14.12
14.12

.14.12

17-2.
3

. .04
.14

_JLM.43
.43

9.14
.43
.43
.43
.43
.43
.43

3
.

11
TOTALUH.

33.264
5n4

9.6432
432

10
10
48

14.5

192
.60,
192
254 .
127
113

155
33

1971

1,645
26

387
548
129
26

. ,26
2,6
26
26

36

•II
RATE

=•0.%
'0,98
7n on58*
?n.9R
20 5R
20 58
?n qft
?n «;ft

20.98
20 98
20. 9R
20 5ft
20.58
20. 98

!Q.98
0.34

35.13
35 13

11.22
41 .90
4 ,90
3 .27
41,90
41.90
41.90
4 ,90
4.1J2Q.
41,90

38.89

AUOUMT

697, 879.00
in4574 ,nn
§ ni4 nn:o6T.i!b
9,0631,00

206 00
206 00

1,007,^

4,o2fi.nn
125.9. oc
4. 028. DC

2,6T4.0i
2.37i.nr

3.252.0C
605, 0(

242 ,162, Of

51,^39.01
1 ,C89.d(
6,215,01
7,136.01
5.,flQ5,.0£
,1,089.0(

U089.0I
U88LS&
1,089.0(

l^OQ.Ol

SUB-C
UNIT PRICE

OHTIkCT
AMOUNT

- —

TOTAL

'111 599 00
20*444 00

16t,563.00
14 643 on

_ j 40JL.OO
&TOQ4.00
1,907.00
9,916.00

6.90R.OO

?'fi2R 00
12,967.00 I
13.189.00

. 5,171.00
,. ,J.9,.5J,6.00

329,433.00
990.00

124,,Q?7 no
266,016.00 '

—————

57,739.00
1^262.00

19,491.00
19,236.00
5.630.00
1,307. 00
rin; nn
1,307.00
.307.00"

• 1,307.00

liQOO.OO" T
.093:595.00 (•



Table 111

WKMECT:.
ACCOUNT:.

ESTIMATE DETAILS
Recreational Water Use @ Park ESTMATENO.

SHEET N0__ 2 of 3
P. Bloxham

CMECKtOtV:
OATelO/18/84

, DATE; ________

emiiPTiai
ELECTRICAL

11 Pump site qrounding, lighting,
security, telephone, computer FPU
Total of (3) locations

#? pump variable frequency
drive equipment, enrlns|»rp

, ..,,.etc...,Conplete Jtotdl of .....
.,.(3.) uni,t.s/].fi<: at ions... . , . „ „ , _ . , . , , , , „ . ,

JL3_S1te pnwen fnic se.rv.ice entrance.......
..._._. .jind puinp..bicancb-c.ircuii4-tota4- - -

of (3) locations

14 p™<er xompany charges ._f or
deli«f>ry of. enprgy.tn ...sit.e<; at . . . . .
4fin voHs 3 ph?s*?-i-«t?1-of--
(3) Incatinn's.

«5 Telephone companv charges for
rlpliupry r>f <?Prviri> to
-sites tot-al -of {.?) ..locations — •

-••—

Subtotal

MAT
UNIT PRICE

IIIALI
AMOUNT UNTTMH

*

LI
TOTM.MH

•••
HATt AMOUHT

IOI-C
UNIT PRICE

OMTMCT
AMOUNT

—— (

TOTAL

dfi .^Rft nn

25B^2QOJQQ

3a^5ILM

22.500.00

3.750,00

1TK25OO
•r-



Table 111

ESTIMATE DETAILS
PftOJECT:

Rprrpatinnal Hatpr lisp at Park

ESTUATENO
SHEETMO 3 (if

PREPARED BY: D. Bloxham
CKCMDBY: ________________ .DATE

OESCIirTIOH

Subtotal from 1 of 3
Subtotal from 2 of 3

Siibtnt?!

Overhead

Subtotal

Profit

Subtotal

Rnnci

Snhtxital

<;alp<: Tax

Subtotal

HAC Enqineerino (Administration)

Subtotal

Continqencv Allowance

Subtotal

Enaineerirw Start-up and Shake Down

Total Pro.iect Cost

Hit • HVIT M

10«

10%

1%

«nf fiW

7%

MAT
UNIT PRICE

EIUII
AMOUNT UMTM.H.

11
TOTM. MM

VIIR
RATE AMOUNT

SUI-C
UNIT PRICE

ONTIUCT
AMOUNT

'

TOTAL

irflairS95..00
..37-l125a.OO

1,afi4 ftd^ 00

346.485.00
•

a»8J.U3Jfl.OO

381V133,00

LlSZ^Ml-OO

..-4.1̂ 5.. 00

L234.388.00

,,110,094.00

4, 344, 4«?, 00

304,114.00

.648.596.00

^fi.nnn nn

t,fi73',Rqfi.nn
^nnn.nn

. :i.

,693, 5%. 00
,.

————— 0
———— a
———— }-



Table 112

ESTIMATE DETAILS
PROJECT:,
«CCOUNT:_ Recharge to Santa Cruzlliver

ESTIMATE HO,
SHEET HO__
WMKQBV:
CHECKED BY: .

1 of 3
. o«Tf IP/] 8/84
.DATE:_______

BEICIirilOH

MECHANICAL
18" 0
1 8" U

Pipe ntibow yu° -"--"
18" 0 El bow 45"
18" 0 Tee
18" 0 x 12" 0 Reducer
IBT Outterflv Valve

Check Valve
~18" 0 Flanqes
,18" .1

_12U_
1?" ,ft.
12" 0
12" 0
12" 0

,12" ,0,
]?" i?

Thrust
PMJHPS

Flow.Heter „ „ „ „ „ , „ „ „ „ „ , , , „ , , „ „ „ „ , , „ „ „
EiUfl —— ——————————————
Elbow .90 - . -
Reducers
Butterfly Valves
Check Valves
Flex Connectors
Flannot;

..Blocks „ . , „ , „ _ , ,.,,..„„„„„„,„„,., „ , , • , .
Z345.GPM 200 H.P.,
tinn

Back FJ 11 ...___

ROAfl CROSSING . t ,f..Hgrjng under R.R. Tracks (31
nalp«t Ilintiwav {}}

Asphal? Rnark " . (11) . ..... ...
Cross.. I-1<J Bnred & Casing (1)

_JJicJLJ"̂ « ~«H

•RRCfniECTURAL " """ '" —
"STa&Ti Fencing

-u—

sueifiBL

QUANTITY

25,336 '_ ,
4
5
.8
1
1
4

„ „„ ... 1. , „„

40'
„ , 5

_,,,,,,,,,,,,,,,6 .,,„
6
3

. .6 .

5
, . , ,,3,3,

22 fflPIiJs

180
_ 60 __

550'
, .60'

—— 5j ———

MATillALI
UNIT PRICE

,25,50
470.00
530.00

-625... H[
310,00

5',800.00
-22U1£

_24JH

_2fiQli}fl
430, QC

UfiBJOQ
350. Of
I60.ni

,„ 35,,, „„„
36^32JX
JJ3_

.48..

35
i_JLJ19__

•3 64
,„ ,,,,35,, „

50

AMOUNT

i46,C6a.OO
5,640.00
2,120,0Q
3,750.00.
2r480.0Q
3,195.00
5,800.00

9M,.QQ

960.00
1,675.00i,?on.no
2,580,00
3,504.00
2,100,00

105.00
103,726.00

10 445 ffl

6,300.00
173.00

2.002.00
2..1QQ.QO

200.00

LMII
UWTMH

,„„.„„ .&....,

,,,,B „„„.,. „
24 ,,.
36

10
10, ,,
1?
14,5

,1.6
, ,.4.,,. ..-...,„...
,10.67
14,12
14.12.
14.12
5.33

3
17.2 .._
.04

,,„„ ..1,4.,..

9.14
43

,43. .,
9.14.,.,

, . . .43,

3

TOTAIMM

15,202
.,.288

96

,.19?

,,,, 10
.... 4R
, . 14.5

.... 64
— 20—

R5
„,„„„., ,,,42 „,,„„„

85
,128.

„„„.., „ ,1,.5,,_
52

,912,
3J9?

1,645
26

237

IR6

12

KATE

L̂SB.
JO. 98

20-9B.

AMOUNT

318,938.00
6. 04?. Of

4. 53?. Of
a n?« nn

20.581 2 06. OC
20. 5fl ?0fi,0?
20,98 .1,007.06
20.58) ... 298, 0(

20. Bf — l.-.m..Qi

2SL3&
?n 5ft
?0 "ifi

20.98

1R.14
?0.9f
3S.13
35.13

31.27
rl,9Q

31,27
H Qft

tD QQ
'arJjK^r

420JK
___JO^^Qj

..... 1 ,750.01

1 ,783 .OC
2.685.0C

j>7i; fjn
1,091 .a

,.32.031. 0(
112,135.01

51,439.0(
1 T 089, 01

9,930.00
17,136,00

....3. .603.00

' 457.00

IUI COHTIACT
UNIT PRICE AMOUNT

. ._ ——— B__ .

TOTAL

__26JLQM.OO
11,682.00
a im nn

_— 8^282.00
. . . . . . 6,508,00

3,401 .00
6,006.00

——— l-rSQ? 00 <
—— 9^7 14.00

... .2,303.00
——2-^)95.00

2^43.00

4 ,368" (101

3,883.00
6,525.00 1

380. QD
109,817.00

,„„ 57,805.00
... m.nao.oo

57,739.00
Ir262.00

11,932.00
19,236.00
3,753.00

667.00

1,428,360.00
j



Table #12

ESTIMATE DETAILS
PROJECT:.

- Recharge to Santa Cruz River
ESTMATE NO.
SMEETNO—————2 Of 3

Rlnxham
CHECKED 6V:

. DATE

.DATE.

DEtCIIPIIOII

ELECTRICAL

si pump sit? grouping • lighting,
security, telephone, computer FPLI
Tntal nf (1) Inrafiin*

#2 Pump variable frequency
dpive equipment, enclosure
ptr. f.nrpplptP tptal nf
(1) units/locations

13 Site power for service entrance
and pump bi-anrh rim^ts total
nf (1 ) locations

#4 Pnwpr rnmpany charo*1? for
delivery of energy. .tn sit°5 at
480 volts 3 phase" total of
(1.) locations..

#5 Telephone companv charges for
delivery of service to
sit.o* total of (1) locations

Subtotal

MA1
UNIT PRICE

ERUUI
AMOUNT UWTM.H.

11
TOTAL UH.

IMI
RATE AMOUNT

.

SUM
UNIT PRICE

OMTflACT
AMOUNT

TOTAL

.
is.dRn.nn

86,400.00

13, isn.no

7, 500. On

1,250.00

,

, . _ ,

' I
123,750,00

oi
CO'
CO



Table #12

ESTIMATE DETAILS
MWJECT: System

Recharge to^SantaCruz Riyer ESTMA1ENO.
SHEET NO__
NIECMKOBV:
CHECKED •»;_

3 fit*
io/ia/a4

. 0»1E

DEICIirTIOH

.Subtotal trom.1 ot3

.Subtotal f ram? of. 3
Suhrnral

Overhead
Subtotal

Profit

Subtotal

Rfind _ . . _ _ _ _ . . . . . _

Subtotal

Sal ps Tax

Subtotal

HAC Engineering (Administration)

Subtotal

Contingency Allowance

..Subtotal-., . . . . . . . . . . . , _____ , . , . . _,.„
Engineering Start-up arid Sh)ake Down

Total Project Cost

inx

1.0* _

n

4Xof filt

7%

MAT
UMT PACE

flUll
AMOUNT UMTUH

.

LI
TOTAL MH.

III!
HATE AMOUNT

SUI-C
UNIT PRICE

ON1RACT
AMOUNT TOTAL

l.428«36Q-GO
l?3,7Sn,00

1,552,110.00

155,211-00

l,7Q7,3?l.OO

_ jjn jj2. 00

1 678 J353., 00
1 p TpQ 1 f\(\» -I O • / O'l • Uvl

l,a%,R34.00

49,318.00

,946,152,00

136,?3,1.00

> OP? j 3R"? , no

uo.nnn.oo
LJ 132̂ 321, 00

__2IL0QO,00

2-422^383-00

__ „„_ f



Table #13

ESTIMATE DETAILS

DOMESTIC USE BY DAVIS MONTHAN ftIR FORCE BASE
E9TMATE NO.______
SHEET HO_J_JQJL3_

Rlnvham
CHECKED tv:.

DOTE: in/18/84

'.DATE:_______

DESCRIPTION

MECHANICAL
12" 0 Pine P.V.C.
12" 0 Elbows 90° P.V.C.
12" fl Flbows 45U P.V.C.
1?" 0 Tee P V f
12" 0 RpHiirer* P.V.H.
12" (3 Butterfly Valves
12" fl Therk Valves
\2" 0 Flapg*": P V t
12" 0 Fley r.nnnprf-.nr<;
12" 0 Flow Meter

. Pumps 1550 6PM 100 HP,
Thrust. Blocks
Fxrawatinn '

ROAD CROS$INQS
Rnring A Casing Under RR Track (3)
Boring & Casing Under J-rlQ. (1) . .,
Renson Highway
f>0<^ Fl Pasn Natural fia* line (21
1 lane Asphalt Roads off base (10)
?_lanp Asphalt Rnarf<; on Rase (71

ARCHITECTURAL
., Slab & Fence _____________

Subtotal

QUANTITY

75,300'
58
4

10
20
21
fi

04
20
1

10
• 56 o
ifi.fiff) Yds^
fi fifln yds0

180'
fiO'
60'

240'
500'
350'

20

MATERIAL!
UNIT (VKE

14.58
60.00
61.00
86.00
fin.nn

430. OC
1,175.00

30 0035o.no
&23J2Q
17,468.0

35
1,13

4R

35
35
2.89"

.75
2.89
2.89

50

AMOUNT

1,097,874.00
3,4BO.flO
. 244.00

8KQ.J10
i,?no.oo
9,030.00
7 OBO no
2 820 nri

7,nnn nn
6,223.00
174.680.00
1,960,00

75,574.00
rin

B,30(.00

l/'lbf •

i .

180.00
1.445.00
1,01?. no

10)

LAIIR
UMTM.H

, .31
.B
.8

1.5
.8

14.12
14.1?

4
14,12
14,12

17.2
3

,04
.14

9.14
9.14.43

.43

.43
, ..43

3

TOTALM.H

23,343,
4fi

3
15
16
297

R5
3.R
23
14

172
168

2,675

1.645

26
103
215

.151

60

RATE

20.98
?0 9R
20, 9£
20-98
20. 9R

20, 5R
pfl go
jmjjfl
?0,9B
20.98
18,34

35.13

31.27
11 27tofr
41,90

41. <H

38. B!

AMOUNT

489,7Sfi.O[)

63.00
31 5. .00
:ttfi nn

6,112.00
i 750 nn

707 oo
483.00.

.294.00
3.609.00
3,081,00

93,973.00

51 ,445.00
17.136.00
1,090.00
4.316.00
9.009.00

2,334.00

tUI-COMTRACT
UNIT PHKE AMOUNT

TOTAL

1 587 610 00
4,445.00

307.00
1,175 nn
1,536.00

15, 14?. 00
R.aoo.oo
3,617,00

—— M83.00
6,517.00

178.289.00
• 5.041.00
169,547.00
361,024.00

57^745.00
19,236.00
1,264.00
4.496.00

10.454.00
7,339.00 ,

——— !
2.434.00 '—— i —— 1

1

—— 1
,i

!,!

2,453,bOt.OO
————— 1

00
en



Table #13

ESTIMATE DETAILS
pfl£X&CV' ,_______._„...„.,
lector,DOMESTIC USE BY OAVIS MONTHAH~AlR FORCE BAST

CSTMATENO.
2 of 3

: H. ftlpyham
CMECKCDBV;

. GATE 10/18/M

.OAIE_____

oEtcaiHioN
ELECTRICAL

fl Pump site grounding, lighting,
seeurityi tfi1ftfthOnet PWputer FRU
Totfll t\f (5) lorfltion?

12. P.Mmp Y.ar.1.8fele... frequency _____
t ..drive eqijipinenti enclosure

Ptr_ TfMnpletft tfjtal Af
... (5) units/locations .,
#3 Site ppwer for service entrance

^ ajid pump hranrh rirfiiit«s t"t^1
.... ... ,nf ,(,5), locations ,,,.... ,,. , ,,,„„„ „„.. ,.,.,.,.„ ...

..14..Pnwer..,cfunpany charges-for
dRliv^ry of pnprgy tt\ sitps at
4QO volts 3 phase total of

4 .51 1ncation«!.

J5 Telephone company charges for
delivery of $ervic&-tn _ ...
^He«; total flfr, (5) locations ,

'""

-SGBlofaT" "••"" """ " ' ' " ' • • ' " " """'" "•"""
.

QBANTITT •AT
UNIT race

nun
AMOUNT UMTMH

11
TOTM.MH

•u
RATE AMOUNT

SUI-C
uwr mcE

OHTRACT
AMOUNT

-_ ————

TOTAl

17,?5n-00

mjMLM

33,000. 00

37^0^00

6.250,00

453,200.00
- —————1 ..,, ._....CO

CD



Table

ESTIMATE DETAILS
PROJECT:.

- SYSTEM
DOMESTIC USE BY DAVIS MQNTHAN AIR FORCE BASE

EVTIMTENO.
SMEETNO _ 3 nf

0. -Bloxharn
CHECKED BV:. .OME

DEtCIIPTION

Subtotal front 1 pf 3
Subtotal from 2 of 3

Siihtofral

Overhead

Subtotal

Profit

Subtotal

Rnnd

Stiht-nfal

SfilPS Tax

Subtotal

HAC Engineering (Administration)

Subtotal '

Continqency Allowance

Subtotal

Enqineerinq Start-up and Shake Down

Total Project Cost

10%

in*

1%

4^nf fiRf

7%

MAT
UNIT PRICE

EIIALI
AMOUNT UMTMH.

.

u
TOTAL MR

1MB
RATE MIOUN1

tui-c
UNIT PRICE

ONTRACT
AMtXMT TOTAL

2,453,501.00
453.200.00

?, 9P.fi, 701 .00

?9n,670.00

3r197.371.00

319.737.00

1,511 JM. 00

35,171.00

3 552 279.00

92.359.00

3.644,638.00 i
'

255.1Z5.00 '
;

3,899,763.00 .

25.000.00

132AJ.fi2.00 '
20.000.00

3.944.763.00 -
?T

_ •
,

O!
c^



ESTIMATE DETAILS
PHOJSCT:.
MXOUMT- DOMESTIC USEBYCITY OF TUCSQN

ESTMATE MO.

PREPARED BY: _ p^-Bloxhan
CHECKEDtV: __________ DATE:

rnwnrn

18" 0la" e
18" f
18" B
18" fi

Pi
1:iM-, Abow 90"
Elbow 45"
Flange ,„„,„ „„„,„„„,.„,._, „ , , „ „ „ „ ,
Tee

1ft" f.x
18" 8

19" CI Transition
Butterfly Valve

18" 0 Check Valve
J8" _J

- -J *£*"(
12"
*12" In9

Elnw M«»t.f»r

• bow 90"
ange

12" 0 Butterfly Valves
12" f 1 Check Valve
1?" 0 Flex Connection

Pump
_,,lhw

2350 75 H,P.
*\
in

Block
on

— ROAD-
Bnar-
n P

XROSSXKGS —————————— _ ———
jrid case under RR Tracks to)
ia
it

&
3-
lies Highway —————— ID ——
4iatuwJ_fia&_Line ——— U4 ——

ARCHITECTURAL
,„„ .Slab jyid fencina

.

Subtotal

QUANTITY

6525'
8
2
2
4

, „ „ „ , „ „ , ,6; „ , „
, 1
40
424
6

:, ,.,,,3,, , ...

3
,,,,,18 .. ..
5,885, ,
5,885

60
60

._ .120....,-

.. . I,,,,,,,, ,.

MATERIAL*
UMT PRICE

25 51)
170.00
ao.oo
75.00
525. Q0_
^10.00
3,195.00nm î?24.00
J35.(

IbU.
430.00

1,175,00
350.00

12,405.0
35.00

_J^
.48

35
2.89

__ 7J-

50

AMOUNT

168,9.38.00
3,760.00
J^OJ0,00

450.00
?,50Q.flQ
1, RfiO.nO
3.1<l R nr >
5,800. 00

,9,619.00
960.00

3,c ~i fi-Ri1o.olj
2,580-OQ
1»£25J1Q
?,ina,on
J7,215.00

630.00
6,650.00
2J325 ori

2.100.00
173.00
Qn.nn

200.00

LAiH
UNTTMH

.fi

,,.?4,,,,.,
24 ,

, 1?, ...
36

10
,10 ...„

1 ,6
4
5.33

14.12
14,12
14.1?
17.2

3
. . , . , .04
,„ ., ,,..K

9,14
,...,„... ,,.§3..

3

TOTAL MH

y^i^
\Q?
48,
24

,,144 .
144

, 1 0
,.,.1,0
,.14,5

,,,.64,...
1tIt-
85
42
ftR

52
5 4 .

824

" 548
26
5?

12

NATf

20,9fi

2Q_iS8.
20,98
?0.9 ^
20.98
20.98
20,58
-20,5fl
20,,9J
?0,9
2U.9

1
f\
B

20,58
P0-5«
20.98

20.98
18.34
35.13
3S.13

31.27
4I.W)
41.90

38.89

AMOUNT

83f396,00_
-.4,028,00,

1,007.00
503 nn

3,ng1JML
3,021.00
. 206.00

206.00
^ 2Q« nn

'^1
JiM

i3.,QQ-

5.00
1.750.00
..864.00.

...1,78QJ1H

1,091.00
990.00

8,256.00
28,947.00

5.009.UU
J,D89tQO
?t179.00

467. CO

tUI-CONTIACT
UMT PRICE AMOUNT

-

TOTAL

»

?5?,,,334.00
. 7,788.00

?,Q67.00
953, on

__yjLOQ
4.aol ,UU
3.401.00
6,006,00
9,917.00?,,,303.no
61525,00
4,330.00
4, 389. 00
3,883.00

38,306.00
1,620.00

14,906,00
31,77?. 00

I 7,109.00
1.262.00
2.269.D.O

667.00

413,885.00
cn
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., * ">. VSTî Kl.-*^ / *

/ '^—•n ui(«. 'i HIM iii»rfaii j i"|i r-fm-*&W3t*+u*vixmtn -IM*uUJMU j mf̂cTrrpf..,...̂ ......̂ ........,,........,̂ ........

. H 3 T A W
33U

8 3 V I T A V 1 R 3 T J A

Q3TA3JJT 10 38U
H3TAWflHUOfla

H31VAX HA8 flOl
raoinni MOITAVfl383R

•^f^^^,^^^»^.-,n}^^^KJA\ *'$?.•£ '&M? ~\-: }4 **" i ~^rj!
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J 000 GblAI

5 000 GblAI
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SOOO GblAI
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2ĵ OS'304

s'sos'a-to
-'e*s'eoo
2'A22'3*0

40'846'300

e'038'380

B'aa2'30o
is'ssg'eeo
je'683'050

306'320

4e'OS3'OSO
f
'.

i
: i

s
je'oss'oso

—— _
: 0

0
I- J3W Doll"*

QbM.*qua QOtf*
fijatnu» (.QAl)

0

e'ASo'ooo.
42'*SS'304

44^33*3*0

42'312'3^0

sd'sse'aoo

48'242'300

S2',oe'eeo
32'203'OSO

sg'&ts'oso

s
i

- s
48'683'OSO

______

s
0

D0||iu

H=E+b+G

36^20*000

34'34a'A3G

s*'i4o'a«

38'e8A'A63

3A'3SO'236

33'eS2'28.

A9'4S2'eS2

*3'«A2'*A*

*3'423'3S9

S

i

S

s*'e2A'_eo
_____
i
0

"j!5f5S-
I=D+H

bBOIECl VriEBMVllAE?C081 CC)lAlbVBI30M 8HEE1 - V B r E 5 sQO



CA
rj





HfeWK

431

IMKI
(J)

A
nun
TMEI
(2)

11' fill.it1 nti.tr

U.
DM

(J)
ISN0I

388 U.
HIT

P6UCI

"ft
11 LIKE
IIKI

& nusiamam UIOST urt
TMI un

10,009 III. 10.BN III 10.802 fil

i»i s u/tn

CUtlFIEI
it* in.

-̂*¥*-"= r^ *t«8t
I I STMiK
j,..-J IS,Ml ill

10 ItCIUCt

1

tumm
U.IM fil/A

1 uu
i>
I—*h —————————————————

CUTIIGKE
FILTEI

3' til i5't?,

MUff^

Mlticiri tFfF«FII
fUIErum
W325f t*

.-.V

IRNIi

M8WES HICMFI
TREATMENT OF (ECUIKED WATER

PROCESS FLOW SCHEMATIC
2000 GPU



.
^
' * *





xLEGEND: j
'A 1-1 * KCCKAfMlt W1U^x\ \\

R-1 WECLAIM WELL .

I&OO'-O'

RECHARGE WELL FIELD



o



I
it -air-.•Mx 1

111

fr-ll

H

*~1

<Ji

- *

;O o



SD L

il

'I

i!

Hi n
i?

i «0 i
*% tj

ijr*}'1

>r? lyt

1166

,ir

Fl

* * oi x

o j' f T

iii *! j
P i Mi?! I * QOoo



'489

SHOO |p«
FiOl
VITBMHU
IELIS

t KESII 1110
IUH CIRCULATION

o
-o*

NCIED
IDIEI

12' Oil.
II' NCX.HT.
25

s ILtlEI
J (3)10.100 era

RNII

MLOSIIIE ——— -

+ <*

12
II
25

•\

UTEWEDUTE
SUMP

29.000 ill.
PUMP
(3)

2503 fu»

TO »ECH»ME
BUS

» 5000 «*

NCKEt
TOWEI

(3)
Oil.
MH.KI.

25' HEIGHT
CMT1IOCE

flLIEl

4« 01*. i !' U

CLEINEU
ISO.090 til.tmr

(2)
2100

SLWEIt.
(3)io. 100 cm

UCESSE9
HiTE

rilTEl
CttENIML
IEICTION ID1DST

TUK Tim
25.010 (il 25.000 |il 29.010 pi.

mt
(4)

2300 |p

SUIOCE
STORIBE

40.000 It INCXKIISH.
COLLECTI0«

TMC
250,009 ill

«DU MSH
HOlOlllt IUK

500Q [il.

SfEKT USHHTEI
TO EXIST!XC '

PUKT

Cotrnponaint mumiii on !i(tifi 13

HUSHES mean CMPUT
TREATMENT OF XECUIHEO MTER
PROCESS FLOW SCHEMATIC

5000 6PM

Flf.ll»! it



IF .>EE— «K.y.//?^,



LATHAU ft WATKIHS
MUC Q MtVUTIMIWN

t WKMf T COMMIT HMWKTyHMI fKH.Hl

COHCCNTIUTIOM OT TCA -
IN M»tOHAL AOUIFCH







r THIF I

.
*>

.ii. t
F v

A •/,/ J^

s *"H i
I! li \

«s -, i



-

-i*

i 51
•s'«::1'
J*S

!

rf
i !
S|,
i2
Z5f

u I

5

a

Sl
•i
*.«

d]
&

^

i

\\

fr7
' V

:
,1i ii
i

•d
-*







Si! I i li ^ I s i j

lit 1
"bo •

1 l * !

I « \ •

O5

^!

o t













fT~ "̂13.? «'_ __- -a^ -r.» f q.
• i, ^ S» r-i

p"

*««S»l.
JL

- E

»•»~" xr

'w-V

s
W

,n











i « i

, I*? i «3l

ilI'll
ii
h

ssa

o 1



ill!
li • IQ

I f I * ! I I » «I i i ! I I I ! > i t i 1 >



WEll LOC 10«
U ZC——WELL DEN

[•2——Mtdt L Ytt

It——KIEKVM. V CHOIAtl COM

KM—TOTM. OlUK

LATHAM ft WATK1NS
HtttC X IMVOTMAT ON

nu Mt nouf COHHWY wmincnM H I«CK r
f«C4*li MWM

HYOROGEOLOGIC CROSS SECTION A A

. HUKl • HOH tOKtir HC.\ o»w.T«m « niwtuun





,! HID
' r lli m s

- r I !
i ! !1 i i





. r

* 1 lit

SalI

•*
3a

*\ 4«|»f oj •!
I i !' S 1 1

I I I I I
M

\ MM



5 ! I I I »
1 1 1 1 § I
1- l i g I f

!•§

Ill

!BfIill l i i i i
•»=:

fl
!|
§

FT



y-4

* u-tc.

.EXPLANATION

WELL-

.: ',
Htt U3VEH ZQKC UONITM WELL

9 ; iHt WfER ZONE MOMITQR WELL
EM-2A

$} EM- LOWER ZONE MONITOR WCU

ABANDONED HAG HWCMJCTH3M WELL

W-T

13

CONTOUR OF EQUAL TCA CONCEHTMTIOM
kflonmnt ftt'mtt, Ow«ab«r If M

AflEA OF TCA CONCEHTRAtlOH

U.S. AIR FORCE PtANT Na 44
TUC90N. ARIZONA

I»M WOHITONIN9 PfKKRAW SUMMARY

TCA CONCENTRATIONS
REGIONAL AQUIFER-UPPER ZOHE

Hargfc# Associates, Inc.' »*>
CWSUITAKTS W HTDWXWOtOOT ._



E X P L A N A T I O N

• MAC U*f* 20NC WW»i*ffl« WOL
*-te

O MAS LDWES KJttf MOMIT9M WEU
P4-i

• cm t»*€H ZONE mmnan. wcu.
W^*A
^p em tc*£« zt«E wosjTia *OL

Of EOlMt. TCf*U «M«OI*W»< (XWCES
*W*jf«e> WH**, OtMMMr IM3

. f
US, AW POIWC PtAKT N*44

TiXaott, AM20MA
iSS-1 k^NITCRlIM MKWKAM S^WMARrir

TOTAL ChiROMIUM CX)NCENTRAT)ONS
REGIONAL AQUIFER -UPPER ZONE

Hvg»-$* Associates, IRC,

ZO



E X P L A N A T I O N

• HAC WPER ZOWE UONHTOH WELL

K-K
0 lUC LOWER ZONE MONITOR WELL

ent-i
• E>A IfffCT ZONE UOHITOfl WELL

R ZONE UOK1TM WCU.

2.fl|HO-TC

~

ND * HUM DMMtM

NOTE 'D«ttctiM Untt IK TCEi TCA, W4 DGE l« VM
bMwOM MwiH (K TOT At CHROMIUM liOM

U.S. AIR FORCE .PLANT No. 44
TUCSOH, WIZONA

IBS* MOWTORIKO Pfl00tAU SUMMARY

OF
TCE, TCAi'DCfr. AND TOTAL CHROMIUM

REGIONAL AQUIFER -LCWER ZONE
Htijij ft1 AMociitcs, Inc. »«




